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and formulae to an absolute minimum. Organic structural formulae should be arranged to fil! 
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whenever possible. 


9. ‘The reference to literature should be given in brackets in the text and not as a 
foot-note or at the end and should conform to the normal usages of the Juurnal as regards 
order and punctuations, and to the abbreviations as given by Chemical Abstracts in its 
“List of Periodicals Abstracted’’. ‘Thus, Name or names of authors, Name of Journal 
(abbreviated, with a single underline}; year of publication ; number of volume (double 
underline) and lastly page, e.g., Karrer and Schlieutz, Helv. Chim. Acta, 1934, 17, 7. 

The words and lines that will appear in ital’cs in print should be underiined. 

Io. Authors are expected to be familiar with the normal rules of nomenclature but 
in case of doubt may refer to ‘Modern Chemical. Nomenclature (Smith, J. Chem. Soc. 
1936, 1067). 

11. New compounds should be indicated by underlining the name at its first mention 
(excluding Headings) in the experimental section and by giving analytical results in the 
form: ‘Found: requires %)’’ Analytical results for coni- 
pounds which have been previously known should be given in the form: “(Found:—— ; ——--. 
Cale. for———: ;——%).”” 
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12. Every paper must be accompanied by a short abstract giving briefly the objects 
of the investigation, the results obtained and their bearing on chemical knowledge in 
general. It shovld be such as to enable any chemist to obtain a clear idea of the 
iavestigation and normaily should not exceed 250 words. 


13. The address to which the proofs are to be sent should be written on every papers 
Jne slip-proof or if possible a page-proof will be sent to authors, which should be 
returned whithin a week to the Hony. Secretary, failing which it wi!l be directly printed. 


14. Authors will get 50 copies of reprints free of charge and extra 25 copies on 
payment of Re. 1/- per page. Extra copies of reprints over 75 copies will be charged 
at Rs. 5/- per page. Cost of paper and binding, extra. If extra copies are required, the 
author should intimate the Hony. Secretary, at the time of returning the corrected 
proofs, 
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{Jour. Indian Chem. Soc., Vol. 37, No. 1, 1950] 


DIELECTRIC CONSTANT AND DIPOLE MOMENT: ETHERS, 
ALDEHYDES AND CHLORO COMPOUNDS 


By S. K. K. Jarxar C. M. DESHPANDE 


The dielectric constants and densities of a number of ethers, pentachloroethane and vanillin have 
been measured in liquid state and in solution. 

The moments are calculated by applying the D.C.M., the Onsager, the Kirkwood and the new 
equations, The moments of these compounds have also been calculated theoretically, The new moments 
of the compounds in liquid state and in solution compare well with the vapour values and adso with the 
values calculated theoretically. The moments in the liquid state, as given by the Onsager and Kirkwood 
equations, are consistently higher. 


In the previous paper (J. Poona Univ., 1954) the authors have reported the work 
on some chloro compounds, aldehydes and ethers. ‘The work is extended further in the 
present paper. ; 

The dielectric constant and density of 8-napthylmethyl ether have been measured 
in molten state as well as in benzene solution. 

The dielectric constants and densities of tetrahydrofuran, and o-, m- and p-dimethoxy- 
benzenes have been measured at various temperatures. The dielectric constant and 
density of tetrahydrofuran in benzene have been measured at various concentrations and 
temperatures. 

In all cases, the dipole moments are calculated by applying the new equation and 
the values obtained are compared with those obtained. by the D.C.M., the Onsager and 
the Kirkwood equations. Also theoretical values are calculated for these substances. 

In the case of furan, the data of Smyth and Walls (J. Amer. Chem. Soc., 1932, 54, 
3230) and that of Le Fevre etal. (J. Chem. Soc., 1953, 1622) have been recalculated 
by applying the new equation. 

The dielectric constant and density of pentachloroethane in liquid state have been 
measured for the first time, over a range of temperature. 

Shott-L’vova and Syrkin (J. Phys. Chem., USSR., 1938, 12, 479) recorded a moment 
of 3.0 for vanillin in solution. In the present work, the moment of vanillin has been 
determined in benzene solution at various concentrations and over a range of tempera- 
ture. The moments of all these compounds have been calculated theoretically by 
taking into account the induction of bond moments according to the method suggested 
by the present authors (J. Poona Univ., 1952). 


EXPERIMENTAL 


Thiophene-free benzene was made by repeatedly washing it with concentrated 
sulphuric acid, then with alkali and finally with water. It was dried over anhydrous 
calcium chloride and frozen. The portion which froze at 5.5° was finally distilled over 


P,O;. 


D. 
: 
. 
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Pentachloroethane was distilled under reduced pressure, b.p. 158.5° (lit. 159.1°). 
8-Naphthylmethyl ether was crystallised from alcohol till the observed m.p. 71° 
agreed with the literature value (70-72°). 
Dimethoxybenzenes (0- and m-) were purified by distilling under reduced pressure ; 
o-, b.p. 207° (lit. 207°) ; m-, b.p. 216° (lit. 217°). 


Tasie I* 


Phenetole. 
dis P Moew. 
Solvent: benzene at 20°. P,=160.9 


fy. 
(a). 


© 00000 2.2825 0.87903 


3 0.00176 2.287 0.87928 397-7 1.13 
3 0.01827 2-329 0.88129 394.1 112 
7 0.03170 2.364 0.88290 391.1 1.11 
0.05400 2-421 0.88550 396.3 112 
0.12193 2 595 0.89280 417-6 1.17 
0.46365 3 346 0 92611 406 9 1.15 
. 0.64519 3.684 0 94033 409 1 1.15 
ei © 72488 3.824 0.94619 410.2 1.15 
: 0.90560 4.100 © 95884 409.9 1.15 
: 0 93675 4.141 0.96101 408.8 1.15 
" 0.96994 4-185 0.96336 408 3 115 
1.00000 4-225 0.96538 


(b). Solvent : CCl at 20°. 


0.00000 2.2433 1.5937 
0.00755 2.263 1.5874 423.8 1.19 
0.02156 2.298 1.5760 408.3 1.15 
0.04931 2.363 1.5535 397-6 1.13 
0.23845 2.800 1-4099 400.3 1.13 
© 47290 3-306 1.2532 407.0 1.15 
0.84180 3.980 1.0439 408.8 115 
1.00000 4.224 0.9652 408.3 115 


*Pilpel, J. Amer. Chem. Soc., 1955, 17, 2049. 


TABLE II* 


B-Naphthylmethyl ether. 


Molten solid. 101.6. 
P. Bnew X 10'8, 


387.6 


Temp. d. 
3.588 


80° 3.563 1.052 385 § 1.12 
85° 3.538 1.048 383.2 1.12 
90° 3.514 1.043 381.5 1.12 
95° 3-489 1.040 378.7 1.12 


3 465 376.9 


7 1.12 
‘ 100 1.12 P 
*Present work. 
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71° 


re ; 


DIELECTRIC CONSTANT AND DIPOLE MOMENT 


Tasie III* 


Solvent : benzene. 


Temp. €i2- dy. P». X 1038, Py. bnew X 10!8, 
W,=0.05408. W_=0.1082, 
25° 2.347 0.8846 418.4 Ir 2.423 0.8940 425.6 1.13 
30° 2.335 0.8789 415-6 1.11 2.412 0.8884 427.1 1.14 * 
35° 2 322 0.8732 406.7 1.10 2.400 0.8828 4227 1.14 
40° 2.309 0.8674 395.0 1.08 2.386 0.8772 4°8.3 1.14 
2.374 0.8716 415.4 1.14 


4s° 2 297 0.8618 392.1 1.08 


W = 0.1867. 


Wg =0.1525. 
25° 2.475 0.9027 412.0 1.10 2.518 0.9082 410.2 1.09 
30° 2.462 0.8948 411.0 1.10 2.503 0.9024 407 7 109 
35° 2.450 0.8908 411.0 1.10 2.489 © 8066 406.0 1.10 
40° 2.435 0.8846 405.8 1.11 2.474 © 8908 401.8 1.10 


45° 2.423 0.8784 406.8 1.12 2.460 0.8850 399-2 1.10 


2062. 


25° 2.548 0.9124 4129 1.10 
30° 2.530 © 9070 408.3 1.09 
35° 2.509 0.9016 399-0 1.08 
40° 2.495 0.8962 295.2 1.08 


45° 2.477 0.8908 398.2 1.10 


* Present work. 


Taste IVa* 
Furan. 


Pure liquid. fons=0.75. Pe=74.18. 


d, P. x 10'8, 


Temp. 


142.8 0.61 


0.9313 


TaBLe 


Solvent: benzene. po=0.71. Temp.=25°. 
ho. dy. Knew X 1018, 


0.0000 2.276 0.8734 

0.0286 2.289 0.8748 136.3 o 58 
© 0608 2.306 0.8763 136.6 058 
0.0664 2.308 0.8765 135.5 0.58 
© 1338 2.340 o 8776 135-1 0.58 
0-1355 2,341 0.8787 135.5 0.58 
0.1731 2.363 0.8816 137-3 0.59 


* Smyth and Walls, loc. cit. 
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IVc* 
Solvent: benzene. po=0.71. Temp.=25°. 
0.000009 2.2725 0.87378 
0.017095 2.2833 0.87469 0 60 0 
© 035650 "2.2948 0.87562 0.60 
0.037020 2.2956 0.87567 0.58 0 
0.043975 2.2990 0.87501 0.60 re) 
0.044250 2.3003 0.87506 0.60 re) 
€.056225 2.3077 0.87659 0.60 0 
0.059350 2.3090 - 0,87679 © 59 
0.059355 2 3°90 0.87678 0.59 
0.079955 2.3208 0.87744 0.60 6 
0.085105 2.3231 0.87803 0.60 ° 
* Le Fevre, loc. cit. ) 
TABLE Va* 
Tetrahydrofuran. 
Pure liquid. Ps=79.82. 
d. P. X 10!8, 
0.8838 561.3 1.62 
© 8781 551 1 1 62 
0 8724 549 6 1-63 
0.8664 543 8 1.63 
0.8606 537-9 1.63 
0.8550 533-2 1.63 
0 8492 528.9 1.64 
TABLE 
Solvent: benzene. 
dy. new: 12. dio 3 
W=0.1811. We = 0.3311. 4 
0.8784 482 0 1.48 3.816 0.8809 484.4 5 
0.8740 471.2 1.48 3.766 0.8740 476.8 ‘ 
0.8656 466.2 I 47 3-719 0.8680 470.4 : 
0.8502 457-8 1.47 3.667 0.8625 462.3 
2.976 . 0.8528 449 4 1.47 3 619 0.8660 455.0 
= 0.5037. = 0.6469. 
4.670 0.8824 491.6 1.50 5 565 0.8828 519.0 
4-602 0.8762 484.9 1.50 5.439 o 8768 507 I 
4.532 0 8700 477.8 1.50 5.313 0.8706 495-1 
4.460 0.8638 470.0 1.49 5.183 0.8646 482.1 
4.391 0.8574 463.1 1.49 5-059 0.8584 470.1 
8303. 7 
6.642 0.8834 533-0 1.57 P 
6.506 0.8780 523.1 1.57 
6,372 0.8724 5123 1.56 7 
6.232 0.8666 502.9 1.55 9 
6.098 0.8612 492.6 1.55 12 


* Present work. 
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Tem 
25 
7 30 
35 
40 
45 
25 
30 
35) 
40 
45 
25 
30] 
4 35 
40 
45 
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TABLE Vc* 


(a). Solvent : benzene at 25°. (b). Solvent : benzene at fo". 


0.00000 22755 0.8733 2.2255 0.8464 

0.00870 2.314 0.8737 494-3 2.258 0.8467 436.8 
0.00888 2.315 0 8737 506 7 2.259 0.8468 439 2 
0.01040 2.266 0.8737 509.7 2.266 0.8468 452.0 
0.01770 2.296 0.8739 5254 2.266 0.8471 4°74 
0 01887 2.30? © 8739 5259 2.303 0.8472 466 3 


(c). Solvent : dioxane at 25°. (d). Solvent: dioxane at 50°. 
0 00000 2.261 1.0312 2.214 1.C027 ose 
0 01778 2.347 I 0314 506.0 2.291 1.0028 4724 
0.01898 2.352 1.0313 505.8 2.206 1.0027 463.6 
0.03259 2.419 1.0295 505.3 2355 I oo10 472.5 
0.05522 2.533 1.0264 618.0 2.454 0.9978 4798 
0.07886 2.660 1.0230 528.9 ; 2.569 0.9944 492.3 


* Smyth and Walls, loc. cit. 


Taste VI* 
(a) 0o-Dimethoxybenzene. (b) m-Dimethoxybenzene. 
Pure liquid. Psr=167.4. Pure liquid. P.=166.2. 


4-213 1.0824 5.363 1.0650 566.3 
4.189 1.0712 5 234 1.0538 553.2 
4.°64 1.9602 5.100 1 0426 543-4 
4 161 1 0490 4996 1 0314 5358 
4.159 1.0380 4.889 1.0202 527.0 
4:153 4 1.0268 4.780 1.0090 518.0 
4.150 1.0158 4-677 0.9978 509 4 


* Present work. 
Taste VII* 


D-Dimethoxybenzene. 


Molten liquid. P»=163.6. 
€, d. 


5-37: 5 1.0250 
5-1385 1.0140 
49414 1 0023 
4.6936 0.9880 
* Miss Kulkarni, Ph, D. thesis, Bombay University. 


5 
new. 
1.48 
1.46 
148 
1 49 
I 51 
1.52 
1.50 
152 
154 
1.56 
Temp. Mnew- 
25° 1.48 
4s° 1 48 
55° 1.49 
65° 1.49 
75° 1.50 
85° 1.50 
Temp. P. Mnew. 
5 589.5 1,60 
7 5639 1.60 
98 543 3 1.60 
121 516.5 1.59 


* Present work. 


Compound. 


Phenetole 


Tetrahydrofuran 


o-Dimethoxybenzene 


p- ” 


Pentachloroethane 
Vanillin 


Furan 


Pilpel, loc. cit. 
Present work. 


Temp. e. 
25° 3-716 
35° 3.616 
45 3 505 
55° 3.416 
65° 3 332 
75° 3.242 
85° 3.158 
Temp. Py. 
W3=0.02757. 
25° 2.452 0.8808 1263 
30° 2.436 0.8750 1247 
2.422 0.8692 1225 
40° 2.408 0.8632 1207 
2.394 0.8574 1197 


8-Naphthylmethy1 ether 


Smyth and Walls, loc. cit. 


Pentachlorvethane. 
Pure liquid. P.=151.7. 
1.672 
1.657 
1.643 
1.628 
1.613 
1.599 
1.584 
Taste IX* 
Vanillin. 

Solvent: benzene. Pe=161.8. 
Bnew. €i9- dig Py. Knew. 
=0.04°45. 

2.45 2.590 0.8871 1269 2.45 
2.45 2.574 0.8811 1256 2.46 
2.44 2.559 0.8750 1249 2.47 
2.44 2.541 0.8690 1227 2.47 
2.45 2.524 0.8630 1215 2.47 


TABLE X 
Moments. 
Solvent. Bnew. 
Vapour! a 1.16 
Liquid? (20°) 1.15 
1.15 
1.15 
Molten liquid’ 
(75-100°) 1.12 
Benzen? 1.14 
Liquid? (22-55°) 1.63 
Benzene? 1.55 
I 52 171 
Dioxane! 1.52 1.81 
Liquid? (25-85°) 1.1§-1.31 
Liquid? (25-85°) 1.49 
Liquid? (56-121°) 
Liquid’ (25°-85°) 0.94 
Benzene’ 245 


Benzenes 


Vapour’ 
Ligui (25°) 
Benzene‘ 

Benzene’ 


Landolt-Bornstein, ‘Table of Moments. 


TasLe VITI* 


5. Miss Kulkarni, loc. cit. 
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0.75 


Knew: 

0.98 

0.97 

0.95 

0.94 

0.93 

0.90 

diy new. 
Wg =0.0:644. 

0.890 1264 2.45 

0.8836 1247 2.45 

0.8782 1237 2.46 
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DirscuSSION 


It has already been shown by us (loc. cit.) that the moment of the C-O-C group 
in ethers is 1.14. 

Phenetole.—The recalculation by the new equation of the data of Pilpel for phenetole 
in pure liquid state and in benzene and carbon tetrachloride solutions provides a value 
of 1.15 in all the three cases. ‘The Onsager and the Kirkwood values for pure liquid are 
1.29 and 1.40 respectively. The vapour value is 1.16. 


C,H; 

The moment of the C-O-C group is 1.14 which is also the molecular moment. 
This value compares with the value in the vapour state and also with the new values 
in the liquid state and in solutions. 

B-Naphthylmethyl Ether.—The new moment of §-naphthy!methyl ether in 
molten state and in solution is 1.12 which is independent of temperature and concentra- 
tion. The Onsager and the Kirkwood inoments in liquid state are 1.19 and 1.37 
respectively. 


10 


/S/N 
| + CH. 


C-© (1) and C—O /2) are each reduced to a moment of 0.99 because of mutual induc- 
tion. The resultant of the two is 1.14, which is also the molecular moment. This 
value is in good agreement with the moment of 1.12 in molten state and 1.10 in benzene 
solution. 

Furan.—Recalculation of the data of Smyth and Walls (loc cit.) and of LeFevre 
etal. (loc. cit.) by the new equation provides moment values of 0.58 and 0.60 
respectively. The vapour moment as given by LeFevre etal. is 0.72. It appears 
that in pure liquid state and in solution there is a decrease in hindered rotation which 
increases 2j+1=2(1kT) to 2j+1=3(1.5kT) whereby the moment is increased to a 
value of 0.74. The Onsager and the Kirkwood moments for liquid furan are 0.75 and 
0.82 respectively. 


O 


Eech of C-O (1) and C—O (2) is reduced toa moment of 0.74 because of mutual 
induction. ‘The resultant of the two. which is also the molecular moment, is 0.74. 
This value compares well with the vapour value of 0.72 and the value in pure liquid 
state and in solution, when 2j +1=3(1.5kT). 

Tetrahydrofuran.—The new moment of tetrahydrofvran in pure liquid state is 
1.63, which is independent of temperature. The new moment in benzene solution 
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is independent of temperature, but varies slightly with concentration. The recalcula- 
tion by the new equation of the data of Smyth and, Walls (loc. cit.) for tetrahydrofuran 
in benzene and in dioxane furnishes 1.52 as the value for the molecular moment. ‘The 
Onsager and the Kirkwood values for the molecule in liquid state are 1.86 and 1.89 


respectively. 
O 
H, 2 


The calculated value is 1.48, which compares with the new value both in the liquid 
state and in solution. 

o-Dimethoxybenzene.—The new moment of o-dimethoxybenzene in pure liquid 
state varies with temperature. The values are 1.15 at 25° and 1.31 at 85°. The 
corresponding values by the Onsager and the Kirkwood equations are 1.28-1.48 and 


1.39-1.60 respectively. 


CH; CH; 
CH, 


(I) (II) 


The moment of the C-O-C groupis 1.14. The resultant moment of the molecule 
is given by the resultant of the moments of the two C-O-C groups. The value 
calculated is 2.02 for structure (I) and 1.05 for structure (II). It appears that at low 
temperature structure (II) predominates, while with increase of temperature structure 


(I) begins to contribute appreciably. 


m-Dimethoxybenzene.—The new moment of m-dimethoxybenzene in pure liquid 
state is 1.40, which is independent of temperature. The correspcnding values given 
by the Onsager and the Kirkwood equations are 1.65 and 1.75 respectively. 
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The moment of the C-O-C group is 1.14. The moment calculated for structure (I) is 
1.05 While that calculated for structure (II) is 2.02. The mean of the two is 1.53, 
which compares with the new moment in the liquid state. Both the structures are 
possible as there is no steric hindrance. 


p-Dimethoxybenzene.—The moment of p-dimethoxybenzene in the liquid state, 
as obtained by the application of the new equation, is 1.60 and is independent of 
temperature. The Onsager and the Kirkwood moments are 1.79 and 1.89 respectively. 


2 CH, 2 CH, 


“CH; H,C * 
(I) (II) 


The moment of C—O(1) cancels that of C-—O(3’. The moment for the molecule 
is given by the resultant of the moments of C-O(2) and C-—O(4). The moment cal- 
culated for structure (I) is 1.98 and that calculated for (II) is zero. It appears that 
structure (I) predominates, but there is a small contribution from structure (II). 


Pentachloroethane.—The dipole moment of pentachloroethane in pure liquid 
state has been measured for the first time. The new moment is 0.94, which is 
practically independent of temperature. The Onsager and the Kirkwood values are 1.09 
and 1.23 respectively. 


LEON 
Cl Cl 


The C—Cl bond (I) and C—C! bond (II) cancel C—C1 bond(IV) and C-Cl bond (V) 
respectively. Because of induction from the C—Cl bonds (I, II], IV & V) the C—Cl 
bond(III) is reduced to 1/3 its original value. The effective moment of C—Cl 
bond‘III) is 0.57. This together with the moment of 0.42 for the C—H bond gives 
a resultant moment of 0.99, which is the molecular moment. This compares with 
the new moment observed in the pure liquid state. The Onsager and the Kirkwood 
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Vanillin 


The new moments of vanillin in benzene solution is 2.45, which is independent 
of temperature and concentration. 


H O 


(11) 


The resultant moment of the C-—O(I) and C—O(II) is 1.14. The moment of 
C-O(ITI) is 1.48. The other moments are C=O equal to 2.90 and OH = 2.40. 


Structure (I).—The moment along C,-—C; is 2.4, that along C,—C, is 2.9 and that 
along C—O(III) is 2.62. The resultant of the momeuts along C,-C; and C;-C, is 2.685 
which together with the moment along C—O(III) gives the molecular moment, the 
value of which is 0.42. 

Structure (Il).—The resultant of the moment 2.9 along C;—C, and 2.62 along 
C—O (III) is 2.77. This adds on vectorially to the moment 2.4 along C,—C; and yields 
a value of 5.16 for the molecular moment. 

Structure (III).—The resultant of the moments 2.4 along C,—C; and 2.9 along 
C,-C, is 2.685. This vectorially adds up to the moment 0.34 along C—O (III) and 
gives a value of 2.35 for the molecular moment. 


Structure (IV).—The moment 2.4 along C,—C; adds on vectorially to the resultant 
(2.75) of 2.9 along C;—C, and 0.34 along C—O (III) and gives the molecular moment, 
the value of which is 5.14. 

The moments of structure (III) and (IV) are very high and that of structure (I) is 
very low. The observed moment of 2.45 indicates that the moment is entirely 
represented by structure (III). The moment calculated for this structure is 2.35. 


The detaile1 results are summarised in the tables. The moment values of 
different ethers obtained by the D.@.M., the Onsager, the Kirkwood and the new equa- 
tions are summarised in the table of moments. It will be seen that the new values 
of moments in liquids and solutions compare well with the vapour values as well as 
with the values calculated theoretically. The values of moments in liquid state, 
as given by the Onsager and the Kirkwood equations, are consistently higher. 


DEPARTMENT OF CHEMISTRY, 
UNIVERSITY OF Poona, Poona-7. Received February 25, 1959. 
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DIELECTRIC CONSTANT AND DIPOLE MOMENT : PYRIDINE AND. 
2:4:6-TRIMETHYLPYRIDINE 


By S. K. K. JatKar AND C. M. DESHPANDE 


The dielectric constants and densities of pyridine and 2:4: 6-trimethylpyridine have been 
measured in pure liquid state over a range of temperature. The dielectric constant and density 
of pyridine in solution have been measured at various concentrations. The moments are calculated 
by applying the D.C.M., the Onsager, the Kirkwood and the new equations. 


In the present work, the dielectric constant and density of pyridine in pure 
liquid state have been measured over a range of temperature. Measurements have 
also been made for solutions of pyridine in benzene. The moments have been 
calculated by the new, the Onsager and the Kirkwood equations. 

The moment of pyridine was determined by a number of workers (Table I). 


I 


Solvent, 


Author 


Lange! Betizene 


2.21 
RBéttcher3 Liquid, 25-114° 2.25°2-37 
Leis and Curran! Benzene 2.20 

Dioxane 2-22 
Middleton and Partington® Hexane 2.21 

cycloHexane 2.20 

cch 2.33 

Benzene 2 26 

Toluene 2.25 

CSe 2.10 


1. Lange, Z. Physik, 1926, 33, 169. 
2. Bergmann, Ber., 1922, 55, 446. 

3. Bittcher, Physica, 1939. 6, 50. 

Leis an] Curran, J. Amer Chem Soc., 1945, 61, 79. 
Middleton and Partington, Nature, 1938, 141, 316. 


The moment of 2: 4: 6-trimethylpyridine in benzene solution was deterinined 
by Govinda Rau and Narayanswamy (Z. physikal. Chem., t934, 826, 23) as 1.93. In the 
present work, the dielectric constants and densities of 2: 4: 6-trimethylpyridine in 
pure liquid at various temperatures have been measured for the first time. The 
moments have been calculated by che application of the Onsager, the Kirkwood 


and the new equations. 


ExPERIMENTAL 


Pyridine and 2: 4: 6-trimethylpyridine were purified by distiliing under reduced 


pressure; pyridine, b. p. 115° (lit. 115°) and 2: 4: 6-trimethylpyridine, b. p. 170.1° 


flit. 170.4°). 
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TABLE II* 


Pyridine. 
(a). Pure liquid. Pe= 102.8, (b). Pure liquid (Béttcher, loc. cit.). 
Temp. €, d. P. new: Temp. d. 
25° 13.51 0.9788 IOTI.O 2.22 20° 13.3 0.981 2.17 | 
35° 13.04 0.9677 984.2 2.23 25° 13.3 0.977 2.19 
45° 12.57 0.9566 956.6 2.23 50° 11.4 0.953 2.11 
55° 12.66 0.9155 033-7 2.23 80° 10.6 0.924 2615 
65° 11.76 ©.9344 910.9 2.23 114° 9.5 0.884 2.15 
z 75° 11.35 0.9233 886.7 2.23 
3 85° 10.95 0.9122 863.8 2.23 
*Present work. 
TaBLe ITI 
Solvent : benzene (present work). 
Temp. €19- Po. €19- dyg. P». Mnew. 
= 0.1853 (or fe= 0.1834). = 0.3717 (cr fy= 0.3687). 
25° 3-764 0.8942 811.9 1.96 5-547 0.8950 886.3 2.06 
= 30° 3-715 0.8884 798.2 1.96 * 5.456 0.8891 272.2 2.06 
4 35° 3-667 0.8826 781.3 1.96 5.367 o 8832 857.8 2.06 
a 40° 3.619 0.8768 769.6 1.95 5 272 0.8774 842.0 2.05 
= 45° 3-575 0.8708 758.2 1.95 5 184 0.8714 $27.7 2.05 
0.5150 (or fy =0.5129). 0.6794 (or 0.6767). 
25° 7.218 0.9286 918.5 2.11 9.346 0.9452 973-1 2.18 
30° 7.082 0.9230 902-2 2.10 9.181 0 9392 959.8 2.18 
35° 6.953 0.9174 886.9 2.10 9.018 0.9332 945 8 2.18 
40° 6.816 0.9118 870.2 2.09 8.847 0.9272 930.9 2.18 
45° 6.885 0.9062 854.5 2.09 8.688 0.9210 916.4 2.17 
0.8351 (or 0.8333). 
25° 11.18 0.9616 980.2 2.18 
30° 10.97 0.9564 964.0 2.18 
35° 19.77 0.9512 949-9 2.18 | 
40° 10.56 0.9469 934-0 2.18 
0.9408 919.6 2.18 


TABLE ITIA 


fo. Po. Mnew- fo. dy. Mnews ] 

i (a). Solvent : benzene at 12° (Bergman, loc cit.). (b), Solvent: benzene at 26° (Kogekar, M.Sc. 
1 thesis, Bombay Univ.). 
0.00009 2.2938 0.8844 0 3085 4-771 © 9007 809.7 
0.01342 2.3931 (0.8855 757.8 1.84 0.4434 5 945 0.9229 806.7 1.93 

0.01818 2.4275 0 8859 754.6 1 83 0.6940 9.440 0.9437 963.2 2-15 

0.04232 2 6083 0.8877 758.7 1.84 0.8543 12.225 © 9579 1063.2 2.20 

0 05308 2.6901 0.8886 761.4 1.84 1.0000 13.300 0.9770 seis 2.20 

(c). Solvent : benzene at 25° (Leis and Curran, (d). Solvent : dioxane at 25° (Leis aud 
loc. ctt.). Curran, loc. cit.). 

4 0.00000 2 272 0.8731 0.00000 2.212 1.0281 
; 0,01108 2-349 0 8742 713.1 1.82 0.01023 2.287 I 0279 733-1 1.85 
5 0.01615 2.385 0.8749 724-4 1.84 0.01605 2.318 1.0275 660.4 1.74 wl 
0 02765 2.462 0.8760 712.5 1.82 0.02540 2.396 1.0273 716.6 1.83 an 
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IV* 


2:4:6-trimethyl pyridine. 


Pure liquid. P.= 162.7 


* Present work. 


TABLE V 


Moments. 


Solvent. 


Vapour’ 


Liquid?, 20-114° 2.15 2.31 2.36 
Liquid, 25-85° 2023 2.34 2.39 
Benzene? 1.96-2.18 
Benzene! (1.84) 2225 2.21 

Benzene® (1.83) 2.24 2.20 i 
Dioxane® (1.84) 2825 2.22 


2: 4: 6-Trimethylpyridine. 


Liquid’, 25-85° 1.96 


DeMore et al., J. Chem. Phys., 1954, 22, 876. 


2. Béttcher, Joc. cit. 


Present work. 


Bergman, loc. cit. 


5 Kogekar, loc, cit. 


Leis and Curran, loc. cit, 


DISCUSSION 


Pyridine.—The new moment of pyridine in pure liquid state is 2.23, 
which is indpendent of temperature. The Onsager and the Kirkwood values are 2.31 
and 2.36 respectively. The vapour value is 2.15. The new moment in solution in 


13 
| femp. €. d, P. 
25° 7.807 0.9225 894.3 2.00 
33° 7.502 0.9112 864.8 1.99 
| 45° 7-193 0.8997 834.3 1.97 
55° 6.918 0.8882 807.6 1.06 
65° 6.630 0.8767 799.6 1.95 
95° 6.369 0.8652 752.1 1.94 
85° 6.101 0.8537 724.3 1.92 
Ve 
8 1kT 1.5kT 
8 Pyridine. 
8 2.15 oe 2.25 
8 
| 
| 
2.19 2.26 1.97 
3 
5 3 
5 
4 
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benzene and dioxane is 1.84 in very dilute solutions. In highly concentrated solutions 
in benzene, the apparent moment increases with concentration and reaches a value of 
2.18 at f,=0.9. This value compares with the new value in the liquid state and 
also with the vapour value. It appears that in very dilute solutions in benzene and 
dioxane, there is increased freedom of rotation whereby 2j+1=2 (1kT) increases to 2j +1 
= 3(1.5k7), as a result of which the moment is increased to 2.24, which compares with the 
vapour value of the molecule as well as with the new moment found in the liquid state. 


The bond moments are C==N = 2.08 and C—N=1.37. This furnishes a resultant 
moment of 1.83. ‘The C—H bond at the para position to N atom has a moment of 0.42. 
This adds to the above resultant moment and affords a value of 2.25 for the molecular 
moment. ‘This compares with the vapour value and the new value for liquid pyridine. 


2:4:6-Trimethylpyridine.—The new moment of 2:4:6-trimethylpyridine is 1.96, 
which is independent of temperature. The Onsager and the Kirkwood values are 2.10 
and 2.26 respectively. The moment of 2:4:6-trimethylpyridine in the liquid state has 
been measured for the first time. 


N 


acl 
Cc 


| 
CH; 


The resultant of the bonds C—N and C= =N is 1.83. The CH; group at the para 
position to N atom contributes only 0.14 to the molecular moment. ‘The net molecular 
moment is 1.97, which compares with the new value in the liquid state. 


DEPARTMENT OF CHEMISTRY, 
UNIVERSITY OF POONA, Received February 25, 195\. 
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DIELECTRIC CONSTANT AND DIPOLE MOMENT :CAMPHOR 


By S. K. K. JaTKAR AND C. M. DESHPANDE 


The dielectric constant and density of concentrated solutions of camphor in benzene have been 
measured over a range of temperature The literature data for the dielectric constant of liquid and 
solid camphor have been recalculated by applying the new equation. The new moment in liquid 
state and in solution indicates an increased freedom of rotation whereby 27 + 1 = 2 (1kT) increases to 
oj + 1 = 3(1.5kT). The moments, thus increased, compare well with the mem nt in the solid state and 
also with the theoretical value fcr the moment of the molecule. 


The moment of camphor in solid state has been calculated over a range of temper- 
ature by applying the new equation. The dielectric constant data and the density 
data for the purpose were taken from Yager and Morgan (J. Amer. Chem. Soc., 1935, 
57, 2071) and White and Morgan (ibid. 1935, 57, 2078) respectively. 

Higashi (Bull. Inst. Phys. Chem. Res., Tokyo, 1932, 11, 729), Donle and Volkert 
(Z, physical. Chem., 1930, B8, 60) and Wolf (Physikal. Z., 1930, 31, 227) have 
measured the dipole moment of camphor in dilute solution. 

In the present work the dielectric constant and density of camphor in benzene 
solution have been measured over a range of temperature and at various concentrations. 


x ENTAL 


PERIM 


Thiophene-free benzene was made in the same way as in the preceding paper (this 
issue, p. 1). Campher was purified by sublimation, m.p. 176° (lit. m.p. 176.3-176.5°). 


TABLE I 


Camphor. 
(a) Solvent: benzene. Ps=180.0. 
Wg = 0.2352 (fo = 0.2363). Wg = 0 2960 (f, = 0.1775). 
25° 2.888 0.8816 1377 2.55 4.302 0 8864 1374 2.55 
30° 3.868 0.8766 1375 2.57 4 278 0.8814 1370 2 56 
35, 3.8a1 0 8716 1368 2.58 4.250 0.8764 1365 258 
40° 3.819 0.8666 1363 2.60 4-228 0.8712 1363 2.60 
45. 3-793 0.8616 1356 2.61 4.199 0.8662 1337 2.61 
50 3.771 o 8566 1352 2.63 4.171 0.8610 1352 2.63 
Wg = 0.3950 (fy = 0.2511). Wg = 0.4771 (fo = 0.3188). 
5.142 0.8920 1440 2.62 5-775 o 1445 2.62 
30 5-139 2, 8868 1450 2.64 5.714 0.8940 1432 2.63 
35° 5.007 0.8516 1403 2 62 5.652 0 8892 1418 2.64 
40° 4933 0.8766 130 2.62 5.584 0.8844 1404 2.64 
45° 4.861 0.8714 1358 2.61 5.520 © 8796 1300 2.65 
50 4-793 0.8664 1338 2 61 5 458 0.8748 1276 2.65 
w, = 0.6604 (fo = 0.4995). 
30° 7 328 0.9126 1480 2.68 
35. 7.214 0.co80 1460 2.68 
40. 7.106 0.9035 1440 268 
45. 7.018 0.8990 1426 2.69 a 
50 6.933 0.8944 1312 2.70 


Mp—25°—2.95 ; 30° — 2.93 ; 35° — 2.89 ; 40° — 2.90; 45° —2.00; 50° — 2.89. 
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TABLE II* 
Solid 


P, Mnew- Temp. €, d. P. Mnew- 


d. 


5 —8° 2.82 1.089 254.0 (0.50) °° 12.7 1.002 1774.0 2.82 
-79° 2.82 1.089 254.0 (0.50) 10° 12.2 I 001 1700.0 2.80 

—55° 2.82 1.086 254.8 (0.55) 22° 117 1.000 1627 0 2.79 

—45° 2.82 1.085 255.0 (0.56) 11.0 0.9988 1522.0 2.72 
—43° 3.00 1.083 280.6 (0.58) 75° 9.7 0.9931 1331.0 2.70 

—40° 11.00 1.081 1406.0 (2.28) 85° 9-5 0.9922 1322.0 271 

37° 14.G0 1.030 2051.0 2.85 9.4 0.9913 1288.0 2.71 

—32° 14.50 1.010 2032.0 2.85 100° 9.0 09902 = 1288.0 2.67 

—25° 14.00 1.006 1963.0 2.84 120° 8.10 0.9880 1093 0 2.56 

—20° 13.70 1.005 1921.0 2.83 160° 8.133 9.9836 1104.0 2.70 


13.10 1.003 1833.0 2.82 +180° 6.133 0.9814 796.0 2.26 


*Dielectric data from Yager and Morgan, loc. cit. Density data from White and Morgan, loc. cii. 


**Transition point. 
+Liquid. 


Tasie III 


Moments. 
Mnew. 


Solvent. 1 kT. 


Compound. 


Camphor Solids 280 2.90 
Liquids (2.28) 2.79 
Benzeneb 2.55—2.68 2.92 

Hexane (2.25) 2.76 2.91 


White and Morgan, loc. cit. 


(a) Data from Yager and Morgan, loc, cit. 
(b) Present work. 


DISCUSSION 


From the study of the melting point curve of dilute solutions of camphor in 
benzene, Paraaud (Bull. Soc. Chim., 1950, 103) indicated the existence of a compound 
of the type C,,H,.0:C.H.. The existence of such a compound indicates the presence 
of an interaction between the molecules of the solute and the solvent molecules, creating 
a labile union between the two. 


White and Morgan (loc. cit.) have qualitatively explained the dielectric data of 
solid camphor on the basis of Pauling’s theory of dipole rotation. The lower apparent 
moment of camphor in dilute solutions has been explained on the assumption of a 


large value of atomic polarisation. 
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In the present work, the dielectric constants and densities of concentrated solutions 
of camphor in benzene have been measured over a range of temperature. The mament 
of solid and liquid camphor has been recalculated by using the data of Yager and 
Morgan (loc. cit.) and White and Morgan (loc. cit.). 


Fic, 1 
“Liquid ©-Solid 


2I+1=2 


40 20 0 20 40 60 8© 20 


Ligwidl ©-Solid 
+ Hexane Cio 


L i i i 


i i 
1234367 8 


The new moment of camphor in benzene is independent of temperature but varies 
with concentration. It will be seen from the graph that the limiting value of moment 
in hexane is in agreement with the value of liquid camphor. This indicates that dipole 
in camphor molecule in the liquid state is diluted by the non-polar groups to the same 
extent as in dilute solutions in hexane. It appears that in the liquid state and in 
hexane 2j+1=2 (1kT) increases to 2j+1=3 (1.5kT), thus increasing the moment values 
to 2.79 in liquid state and 2.76 in hexane. 


The moment of solid camphor at low temperatures (~ -40°) is 2.80 which is the 
true moment for ketones. The moment decreases with rise of temperature and finally 
reaches a value of 2.25 in the liquid state. It seems that in the solid state at low 
temperatures, only parallel and anti-parallel orientations equivalent to 2j+1=2, are 
possible. With increase in temperature, the degree of freedom of orientation increases 
and finally reaches a value of 2j +1=3(1.5kT) in the liquid state. 
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Concentrated solutions of camphor in benzene show the same degree of freedom of 
orientation as iu the solid state at low temperatures. This is prodably due to affinity 
of the ketone group towards the solvent. As already indicated, the melting point 
curves of camphor in benzene indicate the existence of a complex of the type C,»H,.O : 
C,H,. The dielectric polarisation study, thouzh not able to show the existence of 
such a compound, does certainly indicate the possibility of such a complex formation, 
and thus restricting the rotation of the camphor molecule to parallel and anti-paral!el 
orientations only. 

The dipole moment of solid camphor shows that the freedom of orientation of 
camphor molecule increases with temperature, finally reaching a value of 2j +1=3{1.5kT) 
in the liquid state. In contrast to this, the moments of hydrogen chloride and hydrogen 
bromide are the same in solid, liquid and gaseous states. This indicates that in these 
two molecules only parallel and anti-parallel orientations, equivalent to 2j +1=2, are 
possible. The difference of behaviour between camphor on one hand and hydrogen 
chloride and hydrogen bromide on the other, is due to difference in their molecular 
structure. The molecule of camphor has got a spherical contour and a large ratio of 
non-polar to polar groups, which permits of random orientation in the liquid state. 
This would also indicate less intermolecular binding in the case of liquid camphor. 
In the case of hydrogen chloride and hydrogen bromide, the HCI . HCI, and HBr... HBr 
type of intermolecular binding makes it impossible for the molecules to have random 
orientations. 

Alike camphor, borneol and isoborneol also show rotation in the solid state. 
However, no conclusion can be drawn in the case of these two compounds as the data 


available are not complete. 
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DIELECTRIC CONSTANT AND DIPOLE MOMENT: COUMARINS 


By S. K. K. JaTKar anp C. M. DESHPANDE 


The dielectric constant and density of coumarin have been measured in the molten state at various 
temperatures. The dielectric corstants and densities of coumarin 4-methyl-6-ethyl-8-acetyl- and 
4-methyl-8-acetyl-umbelliferones have been measured in solution at various concentrations and tempera- 
tures. The moments have been calculated by applying the new equation and the values obtained 


compared with the values calculated theoretically. 


The simplest derivative of 2-pyrone is the benzo-z-pyrone or’ coumarin. The 
moment of this compound has been determined by a number of workers. The values 
obtained by different workers are shown below. 


I 


Authors. 


Solvent. Temp. “new. 


Syrkin! & Vasilev 


Benzene 15-65" 4:54 

Benzene 10-40° 4-51 3 78 Govinda Rau? 
Benzene 25° 448 LeFevre’ & LeFevre 
Dioxane 30-40° 3.85 Miss Kulkernié 
Molten liquid 70-159° 4.89 Miss Kulkarni# 
Benzene 20-45° 4.56 3.82 Present work 


. Syrkin & Vasilev, Acta Physicochem. U.R.S.S., 1937, 6, 639. 
2. Govinda Rao, Proc. Ind. Acad, Sci., 1936, 4A, 687. 

3. LeFevre, ]. Chem. Soc , 1088, 1937. 

Miss Kulkarni, A.I.I Sc Thesis, Bangalore 


In the present work, along with coumarin, the moments of 4-methyl-6-ethyl-8- 
acetyl- and 4-methyl-8-acetyl-umbelliferones have been measured in benzene solution 
over a temperature range of 25-45°. The moments of the latter two compounds have 


been determined for the first time. The results are shown in Tables II-V. 


EXPERIMENTAL 


Thicphene-free benzene was purified as described in a previous paper (this issue, 
The portion that froze at 5.5° was finally distilled over phosphorus pentoxide. 


p. 1). 
Coumarin, 4-methy]-6-ethy]-8-acetyl-, and 4-metby1-8-acetyl-umbelliferones were 
recrystallised from alcohol till the observed melting points agreed with the literature. 
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TABLE 


Coumarin. 


Solvent: benzene. Pr=159.9. 


dy. P2. Mnew- € 19° dy». Py dy. B. 
We=0 035493. Wg = 0.054692. W,=0.0791 76. 


20 2.874 0,88739 2890 3,82 3-205 0.89445 2887 3.82 3-605 0.90041 2855 3.80 
25 2.852 0.88198 2849 3.82 3-174 0.88868 2850 3.82 3.871 0.89441 2862 3.81 
30° 2.830 0.87666 2812 3.83 3143 088277 2816 3.83 3.538 0.88855 2796 3.82 
35° 2.808 0.87050 2776 883 3-112 0.87657 2765 3.83 3.504 0.88260 2763 3,82 
40° 2.786 0.86469 2734 3.83 3-081 0.87035 2719 3.82 3.472 0.87658 2735 3-83 
45° 2.764 0.85889 2697 3.84 3.049 0.86413 2675 3.82 3-440 0.87061 2709 3-84 
=20°-4.53; 25°-4.54; 30°-4.55; 35°-4573 40° 4-47; 45°-4-58. 

* Present work. 


TABLE IIB TABLE IIc 


(b) Molten liquid. (Miss Kulkarni, loc. cit.). Solvent :dioxane (Miss Kulkarni, loc. cit.). 


Temp. d, P. new. Temp- €19- P, Bnew 
i 150° 26.13 1.1199 3279.3 4.88 30° 0.1239 4-615 1.0446 2847.0 3.80 
125° 28.18 1.1396 3485.5 4.89 ©.1323 4805 1.0466 2869.4 3.84 
20.67 I 1519 3637-3 4.93 0.1382 4.866 1.0467 2917.7 3.95 
1.1666 38082 4.89 40° 0.7239 4.509 «1.03390 2768.33.84 
: 70° 34.04 1.3834 4080.2 486 0.1323 4.684 1.9344 27887 3.85 


0.1382 4-792 I 0349 2785.5 3.85 


Taste IIp 


Solvent: benzene (Govinda Rau. loc. cit.). 


fo» #12. new. €12. dy. Po. 


Temp.=ro0°. Temp. =20°. 

0.0000 2.299 0.8881 ove 2.279 0.8774 
4 0.09590 2.490 0.8909 2955 3.80 2.482 0.8803 2850 3.82 
: 0.00918 2.590 0.8926 2952 3.80 2.558 0.8821 2872 3.80 
; 0.01440 2.757 0.8049 2958 3.80 2.716 0.8845 2872 3.80 
: 0.01748 2.856 0.8967 2975 3.81 2.811 0.8861 2875 3.81 


Temp. =30°. Temp. =40°. 


0.00000 2.260 0.8667 2.241 0.8560 

2 0.00599 2.434 0.8697 2771 3.80 2.406 0.8591 2655 3.78 
: 0.00918 2.525 08715 2746 3.76 2.493 0.8609 2669 3.78 
‘ 0.01440 2.676 0.8740 2764 3.79 2.635 0.8635 2645 3.77 
| 0.01748 2.765 0.8755 2774 3.80 2,720 0,8650 2677 3.79 


Hp =10°-4.50; 20°-4.51; 30°-4.§2; 40°-4.52 
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Taste III* 
4-Methy!-6-ethyl-8-acetylumbelliferone. 
Solvent : benzene. = 268.96. 
@2=0,01138. = 0.01587. 


0.8784 2294 2.393 0.8806 2281 3.31 
0.8729 2336 2.384 0.8742 2342 3.39 
0.8654 2402 2.375 0.8674 2390 3.45 
0.8590 2445 2364 0.8612 2405 349 
0.8526 2488 2.357 0.8546 2498 3.69 


IV* 


4-Methyl-8-acetylumbelliferone. 


Solvent : benzene. 2 = 232.0. 


Po. new. €19. 
_=000 9128, @2=0.01307. 


Po. new. #19. dy. P,. 
@9 =0,01702, 


2.349 0.8760 2271 0.8770 2271 3.33 2.416 0.8784 2282 
2.337 0.8709 2247 0.8720 2238 3.33 2.404 0.8734 2257 
2.328 0.8660 2200 0.8668 2221 3.34 2.392 0.8684 2218 
2.317 9.8610 2175 0.8618 2171 3.33 2.379 0.8636 2167 
2.306 0.8560 2127 0.8568 2137 3.32 2.369 9.8588 2141 


* Present work 


TABLE V 


Moments. 


Compound. Solvent. 


Molten*® 

Dioxane* 
Benzeneb 
Benzene* 


4-Methvl 6-ethyl-8-acetylumbelliferone Benzene 3.33—3.58 
25-45° (2.75) 


Coumarin 


4-Methy1-8-acetvlambelliferone Benzene (3.33) 


a. Miss Kulkarni, loc, cit, 
b. Govinda Rao, loc. cit. ‘ 


c. Present work. 
DIiscUSSION 


Coumarin 


The Debye moment of coumarin in solution is 4.51-4.56. Recalculation of the 
data of Govinda Rao (loc.cit.) by the application of the new equation gives a moment of 
3.78. The new moment in dioxane is 3.85 and in molten state the value is 4.80. 
The present measurements in benzene solution provide a value of 3.82 for the moment 
All these values are summarised in the table of moments. 


of coumarin. 
It appears from these values that in solution there is a decrease in hindered rotation 
which increases 2j +1=2 (1kT) to 2+1=3 (1.5kT). Effectively, the moment in solution 


21 
Temp. 2 dig Pe Knew. 
1805. 
25° 5-360 2.415 0.8817 2346 3.36 
30" 2.350 2.404 0.8753 2373 3.41 
I 35° 2.340 2.393 0.8687 2387 3.45 
2 40° 2.330 2.350 0.8523 2387 3.48 
2 45° 2.320 2.370 0.8557 2429 3-54 
4 
25° 3.34 
30° 3.35 
35° 3.34 
40° 3-32 
4s° 3.33 
bnew. Henle. bre. 
tkT. 1.5kT. 
4.89 5 08 
(3.85) 4.72 
(3.78) 4.63 4.51 
(3.82) 4.68 4.56 
4.08 3.78 
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will be increased to a value of 4.72 which compares with moment 4.89, obtained in 
molten state. 
The moment of coumarin can be calculated theoretically as follows. Coumarin 


resonates between structures (1) and (II). 


c=0 


(1) 


Structure (I): C—O (1) and C—O (2) affect each other inductively and each is reduced 
toa moment value of 0.74. The moment along C=O will be 3.64. This together with 
a moment of 0.74 of C—O (1) gives the re: ultant molecular moment, the value of which 
is 3.33- 

Structure (II: C—O (1) and C—O (2), each, have a moment of 1.48. The induction 
effect is negligible. The moment along C—O (1) is 2.96. ‘This adds up vectorially 
with the moment of C=O and gives 4 value of 5.08 for the molecular moment. 

The moment in solution can be increased to a value of 4.72 by increasing 
2j+1=2(r1kT) to 2j+1=3 (1.5kT). This value compares with the value calculated for 
structure (II) a:d also with value observed in the molten state. 


4-Methyl-8-acetylumbelliferone 


The moment of 4-methyl 8 acetylumbelliferone, in benzene solution, has been 
determined for the first time. The moment calculated by the new equation is 3.33, which 
is independent of concentration and temperature. 


Ou H,C O 1 CH; 
O O 1 O31 
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In all these structures C=O (I) and C=O (IT) remain unaffected and have a moment 
of 2.90 each. C—O (I) is reduced to a value of 0.74 because of induction from C—O (II). 
The effect of C—O (III) is negligible. C—O (II) is reduced to a value of 0.555 because 
of induction from C-O (I) and C-O (III). C-O (IID) gets no effect from 
C-O (D, but is affected by C—O (II). The resultant moment of C—O (IIT) is 1.295. 

Structure (1): The moment along C,—C, is 6.355 and that along C—O (III) is 
2.038. The resultant of the two will be 5.620. This together with the moment of the 
O-H bond gives the molecular moment, the value of which is 8.004. 

Structure (II): The moment along C,;—-C, is 3.455 and that along C—O (III) is 
4.935. The resultant moment is 4.385. This adds up vectorially with the moment 2.4 
of the O—H bond and gives the value of 5.779 for the molecular moment. 

Structure (III): The moments along C;-C, and C=O (III) are 6.355 and 2.035 
respectively. The resultant of these two is 5.620 which with the moment of 2.4 of the 
O-H bond gives the molecular moment of 3.776. 

Structure (IV): The moment along C,—C, is 3.455 and that along C-O (III) is 
4.935. The resultant of the two is 4.385. This adds up vectorially with the moment 
2.4 of the O—H bond and gives a value of 2.516 for the molecular moment. 

The observed moment of 3.33 for 4-methyl-8-acetylumbelliferone may be increased 
to a value of 4.08 by increasing 2j +1=2 (1kT) to aj +1=3(1.5kT). This value compares 
with the calculated value of 3.78 for structure (III). 


4-Methyl-6-ethyl 8-acetylumbelliferone 
The moment of 4-methyl-6-ethyl-8-acetylumbelliferone in benzene solution has 
been measured for the first time. The moment obtained by applying the new equation 
‘s independent of concentration, but varies with temperature, the value being 3.33 to 
3.58 over the temperature range of 25-45°. The possible structures of the compound are 
Ir H;C O Ir CH; 
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The calculations of the moments are similar to those for 4-methyl-8-acetylumbelli- 
ferone and the values are: structure (1) —8.004 ; structure (II) —5.779 ; structure (II1)— 
3-776 ; structure (IV)—2.516. The moments for structures (I) and (II) are very high. 


It appears that both structures (III) and (1V) contribute to the molecular moment. 
The variation of the moment with temperature indicates that the contribution of structure 
(III) increases with increase of temperature due tothe breaking of hydrogen bond. At 
higher temperature the value of 3.75 is reached asymptotically. This compares with 
the value calculated for structure (III). 

The observed and calculated moments of coumarin, 8-acetyl-4-methylumbelliferone 
and 8-acetyl-4-methyl-6-ethylumbelliferone are summarised in table of moments. 
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OXIDATION OF AROMATIC THIOCARBAMIDES: ON THE CHEMISTRY 
AND STRUCTURE OF HUGERSHOFF’S AND HOFMANN AND 
GABRIEL’S THIODIAZOLES 


By K. S. SurgEsH 


Hugershoff's base cannot be represented by the thiodiazole structure, initially assigned to it. 
An alternative structure, which is in better agreement with the facts, has been proposed. Hofmann and 
Gabriel's thiodiazole, however, appears to have the structure assigned to it Its UV absorption 
spectrum shows marked agreement with that of 3:5-diphenylimino-1 :2:4-thiodiazole, obtained by the 
oxidative cyclisation of N-phenylformamido-N’-phenylthiocarbamide. 


By the bromine oxidation of thiocarbanilide in an alcoholic medium Hugershoff 
(Ber., 1903, 36, 3131) reported the formation of a base, C,,H.oN.S, m.p. 136°, and 
assigned to it the structure of a thiodiazole (I). A similar thiodiazole base (II), C,.H.sN,S, 
m.p. 93-94°, was reported to have been formed by the hydrogen peroxide oxidation of 
NN-methylphenylthiocarbamide in an alcoholic medium by Hofmann and Gabriel 
(Ber., 1892, 28, 1578). 


PhN——C=NPh 


PhN=C NPh 
NZ 


(1) 


Although these structures appear to have received acceptance, no direct proof has 
yet been furnished for the thiodiazole hetero-ring system present in them. 


Since (i) thiocarbanilide, NN-methylphenylthiocarbamide and other aromatic 
substituted thiocarbamides under certain conditions are oxidised easily to benzthiazoles 
(Hugershoff, Ber., 1903, 36, 3121; Hunter, J. Chem. Soc., 1925, 2023, 2270, 
et seq; Dost, Ber., 1906, 39, 1014 ; Salasrabudhey and Krall, this Journal, 1944, 21, 
17 ; Sahasrabudhey, ibid., 1950, 27, 433 ; Allen and Allan, “Org. Syn.’’, 1942, Vol. 
22, p- 16; Mukherjee and Suresh, J. Vk. Univ., 1955, II, 127) and (ii) it has been 
shown by the author (this Journal, 1958, 35, 170) that the reported thiodiazoles from 
certain diaryl-substituted thiocarbamides (De and Chakravarty, ibid., 1928, 5, 661) are 
not thiodiazoles at all, a reinvestigation of the chemistry of the above two compounds is 
not without interest. 


Hugershoff’s Base 


Fromm and Bitterich (Annalen, 1912, 394, 284) have reported that Hugershoff's 
above base, (i) when heated with hydrochloric and acetic acids, furnished triphenyl- 
guanidine, aniline, sulphur and 2-phenylaminobenzthiazole ; (ii) on heating with 
aniline it formed triphenylguanidobenzthiazole, and (iii) it could be desulphided with 
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yellow lead oxide. Ona reinvestigatiun of this work, the above mentioned desulphida- 
tion reaction and formation of triphenylzuanidobenzthiazole and sulphur could not be 
confirmed. But considerable formation of carbanilide was observed in addition to the 
other above-mentioned products. In fact, the two major products of these decomposi- 
tions were always found to be carbanilide and 2-phenylaminobenzthiazole. It was 
further found that the base had a hydrogen which was reactive to sodium and it also 
formed a N-nitroso derivative with nitrous acid. 

From these facts two conclusions are evident :(i) that the base must be represented 
by a structure which contains an active NH* group and (ii) on hydrolytic derangement 
it should easily and primarily provide 2-phenylaminobenzthiazole and carbodipheny]- 
imide. There could not be any reasonable doubt about this last being one of the 
primary products because it alone would easily (by hydrolysis) form carbanilide which 
could not be obtained directly from the base as there was no oxygen present in it. 
Further, it would most easily account for the formation of triphenylguanidine. 

It was clear therefore that the thiodiazole structure {I), which did not have any 
NH group, could not represent Hugershoff's compound. More likely, it is either 
2-(triphenylguanido)-benzthiazole (III) or 2-phenylimino-3-diphenylformamidobenz- 
thiazole (IV) (Sahasrabudhey and Suresh, Proc. Ind. Sci. Cong., 1959, Part III, p. 133). 


PhHN NPh 


(IV) 


Attempts were made to synthesise Hugershoff’s base by condensing ‘1) 2-chloro- 
benzthiazole with triphenylguanidine, (2) carbodiphenylimide with 2-phenylaminobenz- 
thiazole and (3) phenyl-mustard oil with triphenylguanidine to afford N-pheny]-N’-tri- 
phenylformamidothiourea and its subsequent oxidation. But we did not succeed in 
preparing 2-(triphenylguanido)-benzthiazole (identical with III above). 


Absobance. 


Hofmann and Gabriel's Base 


A similar investigation of Hofmann aud Gabriel’s base (II) has shown that it is 
incomparably stable when compared to Hugershoff’s base. It did not yield a nitroso 
derivative and was also found unreactive to metallic sodium. Thus, it appears to be a 
compound of a different type. It has been further found to be identical with the 
so-called dimethyldiphenylguanidothiourea of Fromm and Baumhauer (Annalen, 1908, 
361, 324), obtained by the action of methylaniline on methylphenylthiuret. 

Since Fromm and Vetter’s ‘‘phenylguanidophenylthiourea’’ (Annalen, 1907, 386, 
180), obtained by a reaction analogous to that of Fromm and Baumhauer (loc. cit.), has 


*The NH has been further confirmed by infra-red spectral studies. The results will be published 
in a separate communication. 
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PhN=C NH 


FIG. 1 


HN——C=NPh 


been shown to be identical with a thicdiazole (Va or Vb), prepared by the oxidative 
cyclisation of genuine N-phenylformamido-N’-phenylthiourea, obtained by the condensa- 
tion of monophenylguanidine carbonate and phenyl-mustard oil (Kurzer, J. Chem. Soc., 
1956, 2345; also B.H.U.J. Sci., 1958-59, 9, No. 2), it appears that Hofmann and 
Gabriel’s original thiodiazole structure (II) should hold for their compound. 


The ultraviolet absorption curves (Fig. x) of Hofmann and Gabriel’s compound 


PhN=C 
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—Hofmann and Gabriel's thiodiazoles. 
——-—Fromm and Vetter’s compound 


2300 


--Oxidation product of N-phenylf.rmamido-N’-phenyl- 


thiourea (Kurzer). 


3000 
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and of Fromm and Vetter’s so- 
called phenylguanidophenylthio- 
urea (in reality identical with 
Va; vide infra) obtained with 
Beckman D.U. spectrophoto- 
meter, are strongly suggestive 
of the identity of their hetero- 
ring systems. The 3:5-posi 
tions of substituents in (II) also 
cannot be doubted as substitu- 
tion in position-2 is of necessity 
precluded in the case of Hof- 
mann and Gabriel’s compound 
and the same probably holds 
good in the case of the thiodia- 
zole derived by oxidation of 
N-phenylformamido- N’- phenyl- 
thiourea. Thus, of the two 
likely structures (Va) and (Vb) 
for this last compound, the 
former is the more likely one. 
Kurzer (loc. cii.) has assumed 
the 3:5-diphenylimino-1 : 2 :4- 
thiodiazole structure for this 
compound, but has not offered 
any reason for it, 


be 
he 
si- 
as 
so 
nt 
(Va) 
it. 
er 
0-3 
A 
\ 
| \; 
| 
n | ‘\ 
os; 
\ 
s | \ \ 
d 


K. 8. SURESH 


ExPERIMENTAL 


(Hugershoff’s Base 


Preparation.—To a suspension of thiocarbanilide (15 g.) in cold alcohol (220 c.c.) 
bromine (5.3 c.c.) in benzene (30 c.c.) was gradually added with stirring. The 
separated sulphur was removed and the solution basified. A soft base, which hardened 
on standing, was obtained. It was crystallised from alcohol, m.p. 136-37°. (Found: C, 
73-14; H, 4.87; N, 13.03; S, 7.38. Cale. for C, 74.26; H, 4.79; N, 
13.32; S, 7.63%). The compound is not desulphided with alkaline lead acetate. It 
yielded a picrate, m.p. 161-62°. 

Hydrolytic Studies:(a). With Glacial Acetic Acid —Hugershoff’s base (1 g.) was 
heated with glacial acetic acid (10 c.c.) for 1 hour. The hydrolysate was diluted when 
a precipitate, m.p. 147-50°, was thrown down. It was crystallised from alcohol, m.p. 
158-59°, and identified as 2-phenylaminobenzthiazole by mixed m.p. with an authentic 
sample. Picrate, m.p. 221-22”. 

The filtrate after removing the above residue ‘afforded acetanilide, m.p. 112°, on 
concentration. 

(b). With 60% Acetic Acid.—The base (2 g.) was boiled with 60% acetic acid 
(20 c.c.) for r hour. Crystals were obtained on cooling, m.p. 210-28° (0.5 g.). These 
were recrystallised from alcohol, m.p. 233-34° and identified as NN’-diphenylcarbamide. 

The acidic mother-liquor on keeping furnished crystals of 2-phenylaminobenzthia- 
zole (0.3 g.) which were filtered off and the mother-liquor was diluted when a solid 
(0.8 g.), m.p. 80-100°, was obtained. It was crystallised from alcohol, m.p. 136-37°, 
and identified as the unchanged base. 

A portion of the solid, m.p. 80-r00°, on treatment with alcoholic picric acid afforded 
immediately picrate of 2-phenylaminobenzthiazole, m.p. 222°. 

(c). With HCl (conc.).—The base (4 g.) was heated under reflux with HCl 
(conc., 30 c.c.) for 14 hours. 

(i) On cooling, the residue was filtered and extracted with cold alcohol. The 
residue left after alcoholic extraction was carbanilide, m.p. 233-34°. 


(ii) The alcoholic extract was basified and the base extracted thrice with hot 


50% alcohol. Crystals from above 50% alcoholic extract melted at 130-90°. On 
fractional crystallisation of these, carbanilide (m.p. 237°) and 2-phenylaminobenzthiazole 


Reaction with Aniline.—Hugershoff’s base (4 g.) and aniline (8 c.c ) were heated at 

. 105*10° for an hour and excess aniline was removed by steam distillation. The solid 
residue, obtained (m.p. 110-20°) on repeated crystallisation from alcohol, melted at 
157-58° and was identified as 2-phenylaminobenzthiazole, 


f (m.p. 158°) (carbanilide is less soluble) were obtained. 

a‘. (iii) In the residue left after three extractions, some unchanged original base was 
he isolated by fractional crystallisation from alcohol. 

, (iv) The acidic filtrate from (i) gave off, on hasification, a strong smell of aniline 
a and formed a precipitate of 2-phenylaminobenzthiazole, m.p. 158°. No sulphur could 
be isolated. 
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OXIDATION OF AROMATIC THIOCARBAMIDES 


The wmother-liquor after removing 2-phenylaminobenzthiazole furnished crystals 
on keeping, m.p. 144°. ‘These were identified with triphenylguanidine by mixed m.p. 
with an authentic sample. 

Pyrolytic Decomposition at 150-60°.—The base (5 g.) was heated at 150-60° for 
45 minutes. ‘The melt was extracted with ether ; the ethereal solution was evaporated 
when a solid, m.p. 88-104°, was obtained. ‘The product on two crystuallisations from 
alcohol afforded 2-phenylaminobenzthiazole, which was identified by mixed m.p. with 
an authentic sample. 

The alcoholic mother-liquor after removing the crystals of 2-phenylaminobenzthi- 
azole on dilution gave a product, in.p. 80-100°, which could not be identified. 

Nitroso Derivative-—Hugershoff’s base was suspended in HCl (dil.) and covered 
with a layer of benzene. An aqueous solution of sodium nitrite was added gradually 
in excess with vigorous shaking. ‘The benzene luyer was separated, washed twice with 
water and evaporated under vacuum. Fine yellow crystals, m.p. 72-85°, were obtained. 
The melting point did not improve on crystallisation. The compound is rather 
unstable when heated in a solvent. It responded to Libermann’s nitroso reaction. 

Reaction with Sodium.—Hugershofft’s base was dissolved in dry ether and freshly 
cut pieces of sodium were added. A brisk evolution of hydrogen was noticed and a 
colorless substance was thrown down, which was the sodium derivative. 

Attempts at the Condensation of (1) 2-Chlorobenzthiazole and Triphenylguanidine, 
(ii) 2-Phenylaminobenzthiazole and Carbodiphenylimide and (iii) Triphenylguanidine 
and Mustard Oil.—(i) 2-Chlorobenzthiazole (0.5 c.c.) and triphenylguanidine (0.8 g.) 
were heated at 120-30° for 1 hour. Unchanged chlorobenzthiazole was removed with 
ether. The residue was proved to be unchanged triphenyiguanidine. No other product 
could be isolated. 

(ii) 2-Phenylaminobenzthiazole (2 g.) and thiocarbanilide (2 g.) were heated in 
presence of lead oxide (6 g.) for 2hours at 120-30°. A Jarge quantity of 2-phenyl- 
aminobenzthiazole along with some low-melting substance was recovered. No other 
compound could be isolated. 

(iii), Triphenylguanidine (5 g.) and phenyl-mustard oil (2.5 c.c.) were heated in 


_alcokol (30 c.c.) for 45 minutes and the solution was filtered. Crystals from alcoholic 


solution were of triphe.ylguanidine, indicating that condensation did not take place. 


Hofmann and Gabriel’s Thiodiazole 


Preparation.—NN-Methylphenyithiocarbamide (5 g.) was dissolved in alcohol 
(30 c.c.), slightly warmed and hydrogen peroxide (4 g.) in aqueous solution (70-80 c.c.) 
was added gradually. An oily product, which solidified on standing, separated along 
with sulphur. The product was crystallised from alcohol, m.p. 93-94°. Picrate m.p. 
142° (Sahasrabudhey and Krall, loc. cit.). (Found: C, 64.03; H, 5.28; N, 19 64; 
S, 11.56. Calc. for C,,H,.N,S: C, 64.8 ; H, 5.4; N, 19.0; S, 10.8%). 

Hydrolytic Studies: (a). With 60% Acetic Acid.—Hofmann and Gabriel's basc 
(1 g.) was heated with 60% acetic acid (10 c.c.) for 1} hours on a water-bath. The 
solution was cooled and filtered. The residue weighed 0.93 g., m.p. 93-94°. This was 
identified as unchanged base by mixed m.p. with an authentic sample. 
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(b). With HCl (conc.).—The base (1 g.) was heated with HCI (conc., 10 ¢.c.) for 
45 minutes under reflux. The solution was fillered and diiuted ; 0.92 g. of the unchanged 
base was obtained. 


Reaction with Aniline-—The base (1 g.) was heated with aniline (10 c.c.) for 
3 hours and the resulting solution was diluted and steam-distilled to remove unchanged 
aniline. The residue was crystallised from methyl alcohol, m.p. 93-94° ; mixed m p, 
with the original base remained undepressed. 


Reaction with Nitrous Acid and Sodium.—The base did not react with nitrous 
acid or metallic sodium, indicating that there was no NH group or active hydrogen in it. 


Preparation of the so-called ‘‘Dimethyldiphenylguanidothiourea’’.—Methylphenyl- 
thiuret (5 g.) was heated with methylaniline (6.7.¢.c.) at 120-25° for 3 hours. The 
reaction mixture was treated with cold alcohol, filtered to remove sulphur, diluted, 
basified and steam distilled, when unchanged methylauiline was removed. ‘The resi- 
due, a sticky mass, was subjected to prolonged vacuum and cooling, but it did not 
solidify. It was treated with boiling alcohol and filtered. Some residue, m.p. 158-59°, 
was left behind which could not be identified. To the alcoholic solution was added 
alcoholic picric acid and the mixture slightly diluted after removing a sticky mass 
which had initially separated. A picrate was obtained which after recrystallisation 
from alcohol melted at 138-39°. No depression in melting point was recorded when 
mixed with the authentic picrate of Hofmann and Gabriel’s base, ii.p 142°. 


The picrate on treatment with ammonium hydroxide gave a base, crude m.p. 
85-S7°. On recrystallisation and mixing with Hofmann and Gabriel's base (m.p. 93- 
94°), no depression in m.p. was observed. 

The same was also obtained by following exactly the procedure of Fromm and 
Baumhauer (loc. cit.) of isolating it, but the yield was poor. 


Preparation of Phenylguanidophenylthiourea of Fromm and Vetter.—Phenylthiuret 
(2.3 g.) and aniline (2¢.c.) in alcohol (30 ¢.c.) were heated on a boiling water-hath 
under reflux for 30 miuu‘es. The solution was filtered hot to remove sulphur. Crystals 
from alcoholic solution were further washed with CS, to remove the impurity of sulphur 
left, if any, and recrystallised from alcohol, m.p. 198-200°. The compound was non- 
desulphidable when treated with hot alkaline lead acetate. (Found: C, 62.41; H, 4.35; 
N, 21.18; S, 11.95. Calc. for C,4H,.N,S : C, 62.68 ; H, 4.47 ; N, 20.89; S, 11-94%). 

Preparation of 3: 5-Diphenylimino- or 2-Phenyl-(3-imino-5-phenylimino)-1 :2 : 4- 
thiodiazole.—N-Phenylformamido-N’-phenylthiourea (1 g.) (described in a communi- 
cation under publication) was dissolved in alcohol (10 c.c.), slightly diluted, 
acidified with a few drops of HCl and treated with iodine (0.5 g.) in aqueous KI. 
A crystalline product, m.p. 198-99°, was thrown down. The product was crystallised 
from alcohol, m.p. 198-200°. (Found : C, 62.34, H, 4.58; N, 20.76; S, 11.99. Calc. 
for C,,H,.N,S: C, 62-68 ; H, 4.47; N, 20.89; S, 11.04%). 

This was identified with the above described Fromm and Vetter’s compound 
through comparison of their m.p.s and undepressed mixed m.p.s of the mixtures of 
substances and their derivatives and through ultraviolet absorption spectra (Fig.-1). 
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OXIDATION OF AROMATIC THIOCSRBAMIDES 


Ultraviolet Absorption Spectra of Fromm and Vetter’s, Kurzer's and 
Hofmann and Gabriel's Compounds 


Double or triple crystallised compounds were used. Absolute alcohol was used as 
solvent and the observations were recorded with a Beckman D.U. spectrophotometer. 
Concentrations of the solutions in 10 c.c. absolute alcohol were as follows : Hofmann and 
Grabiel’s thiodiazole 0.0001 g., Fromm and Vetter’s compound o.ov01 g. and oxidation 
product of N-phenylformaimido-N’-phenylthiourea (Kurzer) 0.00012 g. The results are 
represented in Fig, 1. 

Author’s sincere thanks are due to Dr. R. H. Sahasrabudhey for his interest, to 
Dr. C. N. Ramachandra Rao for analysis, to the authorities of the Banaras Hindu 
University for the facilities and to the Ministry of Scientific Research & Cultural Affairs, 
Government of India, for a research scholarship. 
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COMPLEX COMPOUNDS OF HEXAMETHYLENEDIBIGUANIDE WITH 
METALLIC ELEMENTS 


By R. L. Dutra 


The preparation and properties of the complex compounds of hexamethylenedibiguanide with 
Cu(II, Ni(II), Co(III) and Cr(ITI) have been described. Besides these usual complexes, a compound 
of Mn(iV) with this ligand has also been described. 


Ethylenedibiguanide behaves as a quadridentate ligand. A large number of com- 
plex compounds of copper(II), nickel/II), cobalt(II) and silver(III) with ethylenedi- 
biguanide have been described by Ray and co-workers (this Journal, 1943, 20, 291; 
1944, 24, 47). Palladium(II), chromium(III) and cobalt(III) complexes of the same 
‘ligand have recently been characterised (Ray, Z. anorg. Chem., in press). Ray and Ray 
(this Journal, 1958, 35, 595, 601) have also isolated well-defined Mn(IV) and Mn(III) 
complexes of ethylenedibiguanide. 


In view of these fascinating observations on ethylenedibiguanide, it was thought 
interesting to investigate the complex-forming capacity of hexamethylenedibiguanide, 
C,N,;H,—CH,—(CH,),—CH.—C,N;H,, where the two biguanide residues will be, 
rather, widely separated. 

Hexamethylenedibiguanide has been found to behave asa quadridentate ligand, 
forming characteristically coloured complexes with Cu(II), Ni(II), Cr(III) and Co(III). 
Like ethylenedibiguanide, the complexes of Cr(III) and Co(III) contain two atoms of 
the metal along with three molecules of the ligand, thus giving rise to a binuclear 
complex with a molecule of the dibiguanide functioning as a bridge between the two 
metal atoms. A complex Mn(IV) base of this ligand has also been isolated. This, 
however, is less stable than the corresponding ethylenedibiguanide complex and gives a 
rather low magnetic moment value (u4;=2.83) as compared to the theoretical value of 
3-872 for quadrivalent manganese. This value, however, is of the same order as 
found by Ray and Ray (loc. cit.) for a number of such Mn(IV) complexes. 


ExPERIMENTAL 


Hexamethylenedibiguanide Acid Sulphate.—Hexamethylenediamine (12g., 72% 
soln.), dicyandiamide (16 g.) and water {100 c.c.) were refluxed for half an hour. An 
aqueous solution of copper sulphate (10 g.) was added to the mixture in small portions 
at a time and the mixture refluxed fur a total period of 3 hours. The rose-violet 
crystals, that separated, were filtered, dissolved in H,SO, (dil.) and decomposed with 
H,S. ‘The filtrate fron CuS was concentrated (50 c.c.) on the water-bath, cooled and 
treated with alcuhol (150 c.c.). The colorless crystals of the hexamethylenedibiguanide 
acid sulphate were filtered and purified by recrystallisation from hot water, yield 
16-18 g. {Found: SQ,, 38.20; N, 27.89; H,O, 3.15. 
requires SO,, 38.55; N, 28.11; H,O, 3.61% }. 


ene 
ad¢ 
vio 
ove 
bec 
N, 
hex 
sul| 
SO. 
SO, 
bas 
Cu, 
bas 
req 
of h 
(1.2 
pita 
KO 
36.¢ 
sult 
has 
Ni, 
hex 
witl 
Rive 
14 
crys 
losi: 
[Co 
of h 
5 


COMPLEX COMPOUNDS OF HEXAMETHYLENEDIBIGUANIDE 33 


1. Copper-hexamethylenedibiguanidinium Hydroxide.—A so'ution of hexamethyl- 
enedibiguanide sulphate (2.8 g.) was made strongly alkaline ‘NaOH) and to this ‘was 
added dropwise an ammoniacal copper sulphate (1.25 g.) solution, when a light rose- 
violet product was precipitated. The mixture was digested on the water-bath, till the 
washed precipitate was free of sulphate. It was finally washed with alcohol and dried 
over KOH. The substance has a tendency to soften on the water-bath, but slowly 
becomes crystalline with time. It forms an anhydrobase at 130°. {Found: Cu, 15.83 ; 
N, 35.00; H,O, 13.40. [Cu(C,,HaN..)](OH),.H.U requires Cu, 15.900; N, 35-04; 
H,O, 13 52% }. 

2. The sulphate was obtained as a rose-violet precipitate by treating a solution of 
hexamethylenedibiguanide sulphate (2.8 g.) with an ammoniacal solution of copper 
sulphate (1.25 g.). The product was washed and dried as usual. { Found: Cu, 12.58 ; 
SO,, 18.81; N, 27.65; H,O, 13.26. ]SO,..4H,O requires Cu, 12 32; 
SO,, 18.63; N, 27.16; HO, 13.99% }. 

3. The chloride was wdtained as a rose-red crystalline mass by digesting the complex 
base with ammonium chloride solution on the water-bath till the evolution of ammonia 
had ceased. { Found: Cu, 12.92; Cl, 14.20. [Cu(C,oHHy)]Clz.4H,O requires 
Cu, 12.95; Cl, 14.48% }. 

4. The acetate was obtained by the action of ammonium acetate on the complex 
base. { Found: Cu, 11.04; N. 24.80 ; H,O, 18.10. [Cu(C..HNio)] (CHsC0O),.6H,O 
requires Cu, 11.08; N, 24 40; H,O, 18.83% }. 


5. Nickel-hexamethylenedibiguanidinium Hydroxide.—A strongly alkaline solution 
of hexamethylenedibiguanide sulphate (2.8 g.), mixed with a solution of nickel sulphate 
(1.2 g.), was digested on the water-bath for several hours. The yellow-coloured preci- 
pitate was filtered, washed first with water, then with alcohol and finally dried over 
KOH. The substance liberates ammonia from ammonium salts, { Found: Ni, 15.90; N, 
36.90; H,O, 9.0. (OH), requires Ni, 15.59; N, 37.16; 9.50% }. 

6. The sulphate was obtained by digesting the complex base with ammonium 
sulphate. { Found: Ni, 11.43; SO,, 18.56; N, 27.65. [Ni(C,oHasNio)]SO..4 20 
requires Ni, 11.50 ; SO,, 18.80; N, 27.40% }.- 

7. The chloride was prepared by the action of ammon um chloride on the complex 
base. { Found: Ni, 11.80; Cl, 14.67; N, 20.40. [Ni(C,oH.4N;.)]Cl,.4H,O requires 
Ni, 12 09 ; Cl, 14.62 ; N, 28:83% }. 

8. Di-cobaitic (III)-tris-hexamethylenedibiguanidinium Hydroxide. —A solution of 
hexamethylenedibiguanide sulphate (5 g.) in water (200 c.c.) was mad: strongly alkaline 
with NaOH solution. The mixture was heated on the water-bath. As ammona was 
given off, the conplex base separated as a soft mass. This was cooled and filtered after 
14 hours. The product was washed as usual and dried over KOH. It forms dark red 
crystals, insoluble in water and alcohol. The substance becomes an anhycrobase by 
losing all its water at 110°. {Found: Co, 10.58; N, 37.67; H,O, 11.40. 
requires Co. 10.81; N, 38-52; H,O, 11.56% }. 

9. Di-chromium (II1)-tris-hexamethylenedibiguanidinium Hydroxide.—A solution 
of hexamethylenedibiguanide sulphate (4 g. in 200 c.c. water) was made strongly alkaline 
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with NaOH solution and warmed on the water-bath. To this was added dropwise with 
constant stirring a solution of chrome alum {2 g.), taking care that all the chromium 
combined to give a red solution before any fresh addition was made. The dark red 
solution soon deposited a red-violet flocky mass. After half an hour of digestion, the 
mixture was cooled in ice with occasional scratching of the sides of the beaker, when 
the flocky mass changed to a crystalline product. ‘The rose-violet crystals were 
filtered, washed first with water, then with alcohol and finally dried over KOH. 
{ Found: Cr, 9-54; N, 38.41; H,O, 12.10. [Cra(C,¢H2sNio's].(OH)s. 1-5 H,0 
requires Cr, 9.58; N, 38.70; H20, 12.44% }. 

The substance forms an anhydrobase at 120° by losing all water. 


10. Di-hydroxo-manganese (IV)-hexamethylenedibiguanidinium Hydroxide.—Hexa- 
methylenedibiguanide sulphate (5 g.) was dissolved in water (70 c c.) containing sodium 
hydroxide {4 g.).. The solution was cooled and then treated with a strong solution of 
potassium permanganate (0.4 g. in 30 c.c. water). The permanganate was first reduced 
to the green manganate and in course of 20 minutes, dark red crystals of the manganese 
complex separated out. After cooling for another half hour, the compound was filtered 
through a sintered glass Gooch crucible and washed with cold water. The product was 
dried in vacuun. over CaCl,. The substance forms dark red crystals, insoluble in 
water. It oxidises ferrous iou to ferric ion and liberates iodine from KI in acid solution. 
The substance decomposes on heating at 70°. { Found: O (active), 3.54; Mn, 12.20; 
N, 31.35. (OH),.2H,0 requires O (active), 3.61 ; Mn, 12 45 ; 
N, 31.74% }. 

Magnetic Measurement: xg=6.882 X 107 
Ms = 2.826 (29.2°). 
Author’s grateful thanks are due to Prof. P. Ray for his valuable suggestions. 


xXw=3049 X 107°; (corr.)= 3279 x 197°; 


INORGANIC CHEMISTRY LABORATORY, 
INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE, 
CaLcurTta-32. heceived July 16, 1059. 


[Jo 


ace 
of 
and 
det: 
mor 
clez 
sy 
the 
The 
the 


A 

uns 
anc 
nitr 
not 

ole 

ex 
an 

(K 
sal 
by 

nu 
suc 
bas 
cha 
195 
li 
q 
equ 
for: 
bet 


{Jour. Indian Chem. Soc., Vol. 37, No. 1, 1.60] 


ANOMALOUS INTERFACIAL TENSION OF LIQUIDS HAVING SENSITIVE 
H-BOND STRUCTURE AND ITS SIGNIFICANCE 


By HeEMLATA Kazi AND C. M. DESAI 


Interfacial tension measurements of liquids, such as amyi' acetate or butyl" acetate, having 
unstable H-bond structure, against aqueous sodium oleate, cadmium iodide, mixtures of cadmium 
and potassium iodides, mixtures of acid and bese, and mixtures of potassium chromate and lead 
nitrate show maxima or minima at certain electrolyte concentrations; while benzene and hexane, 
not having such a structure. do not indicate such a behaviour. 


The interfacial tension-concentration curves of aqueous sodium or potassium 
oleate with hexyl] or octyl alcohols, butyl or amyl acetates, show a sharp minimum at 
extreme dilution, followed by a maximum far above the tension value for pure water, 
and then the usual decrease in tension with further increase in soap concentration 
(Kazi and Desai, Curr. Sci., 1952, 24, 218 ; this Journal, 1953, 80, 200, 283). With 
salts showing autocoinplexing, such as cadmium iodide, this maxirum js followed 
by a minimum and then again a maximum (ibid, 1054, 31, 418, 636). Different 
number of peaks have been observed with different salt systems (ibid., 1954, 31, 163, 
957; 1055, 82, 63; 1056, 38, 513). Liquids such as hexane and benzene, not having 
such H-bond structure, do not show such a behaviour (cf. Heintz and Hume, 
J. Phys. Chem., 1957, 61, 462). The typical behaviour has heen explained on the 
basis of the reversal of the electrical double layer at the liquid-water interface with 
change in ionic character, the liquid having a sensitive H-bond structure (this Journal, 
1954,, 81, 769). It has been now noticed that the interfacial tension measurements of 
liquids, such as amyl’ acetate and butyl" acetate, indicate a sharp minimum at the 
equivalence point, when a base is added to an acid or an electrolyte is added to another , 
forming a sparingly soluble salt while hexane and benzene do not show such a 


behaviour. 


EXPERIMENTAL 


In this work the inferfaciai tension measurements of amyl' acetate or butyl" 
acetate, benzene and hexane against aqueous cadmium iodide, sodium oleate, mixtures 
of cadmium and potassium iodides, mixtures of potassium chromate and lead nitrate 
and mixtures of sodium hydroxide and hydrochloric acid have been made with all 
details at vary’ng concentrations. The aqueous mixtures were prepared by the 
monovariation method. The sparingly soluble lead chrumate was filtered off and the 
clear filtr.te was used for the tension measurements. The Burrows and Welcome micro- 
syringe (capacity 1.0 ¢.c., capillary radius 0.05 cm, tip radius 0.139 cm), which registers 
the volume of a single drop with an accuracy of 0.0004 c.c., was used for the purpose. 
The sy1inge with liquid phase was clamped vertically with its tip pointing upward, 
the barrel being fitted in the ccntainer, holding aqueous solution, by means of a tightly 
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fitting rubber bung. The subsiances used were of A.R. quality. The esters were 
treated with sodium carbonate solution, washed with water, dried and distilled. The 
middle fractions were used for the purpose. 


Drop Weight Volume Method for the Interfacial Tension Measurements.—The 
edge of the liquid phase was brought exactly to the end of the capillary at the tip 
by the movement of the micrometer screw head and the reading on the scale was 
noted. Each drop of the liquid was allowed to be formed and released very slowly 
in the aqueous phase by the gradual motion of the screw head ; the reading on the 
scale was again noted and from the volume, thus obtained, the interfacial tension was 
calculated by the equation : 
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The densities, measured and used for calculations, were those of the mutual 
phases ; the consecutive density variations are so small that they hardly make signi- 
ficant difference in the third or fourth decimal place of the tension values. The 
corrections involved are the same as those of drop weight method (W D. 
Harkins, ‘‘Physical Chemistry of Surface Films’’. Reinhold Publishing Corporation, 
1952). The literature values for interfacial tensions of pure benzene, hexane. amyl’ 
acetate and butyl” acetate against pure water are 34.1, 497, 12.09 and 14.9 dynes 
cm~" respectively. The details as regards electrolyte concentrations, corresponding 
volumes of a single Crop of the liquids and the corresponding tension values are recorded 
in Tables I-V. 


TABLE I 
Conc. of CdTy Volume of one drop tin c.c.). Interfacial surface tension (dynes/cm). 
(M x 103). Benzene. Hexane. Amyli acetate. Benzene Hexane. Amvli acetate. 
0.00 0.1776 0.0948 0.0552 33-59 49.69 12.04 
0.05 © 2068 0.0896 0.9540 38.41 47-49 11.83 
0.075 0.2168 0.0884 0.0576 40.11 46.86 12.50 
0.10 0.2084 0.0876 0.061? 38.70 46.46 13-30 
0.25 0.2020 0.0848 0.0640 37.65 45.01 13-93 
0.50 0.1964 0.0836 0.0692 37-27 44.46 14.91 
1.00 0.1768 0 0828 0.0608 33.44 44.07 13-23 
2.50 ©,1720 0.0806 0.0556 32.56 43.12 12.20 
4.00 0.1700 0.0784 0.0544 32.20 41 88 11 89 
6.00 0.1624 0.0764 0.0600 30.84 40.84 13.¢9 
7 00 0.1532 0.0752° 0.0640 29.19 40.20 13.93 
9.00 0.1472 0.0744 0.0588 28.09 39.86 12.83 
15.00 0.1420 0.0740 0.0524 27-18 39-64 11.52 
30.00 0.1308 0.0724 0.0468 25-14 38.84 10.39 
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Tasie II 


Conc. Na-oleate Volume of oue drop (in c.c.). Intet facial surface tension (dynes/cm). 
(M x 103). Benzene. Hexane. Amyli acetate. Benzene. Hexane. Amyli acetate. 


0.00 0.1776 0.c948 0.0552 33-59 49.69 12.04 


0.025 0.1764 0.0900 0.0536 33-36 47-76 11.76 
0.95 © 1736 0.0848 0.0516 32.86 45.10 11.30 
0.075 0.1700 0.0828 0.0524 32.20 4411 11.52 
0.10 0.1680 0.0812 0.9572 31.87 42 29 12.48 
0.25 0.1560 0.0788 0.0592 29.70 42-04 12.90 
0 50 0.1480 0.0676 0.0612 28.25 36.55 13.32 
1.00 0.1228 0.0564 0.0572 23.82 30.86 12.48 
2.00 0.0988 0.0484 0.0508 19.41 26.57 11.18 
3.00 0.0716 0.0296 0.0440 13-71 16 99 9.75 
5-00 0.04°8 0.0216 0.0392 10.11 12.68 8 73 
8.00 0.0428 0.0168 0.0324 8.94 13,07 7 36 
10.00 0.0388 0.0144 0 0284 8.18 8.73 655 


0.0204 6.22 6.40 4.80 


0.0312 0.0104 


III 


M/100-CdI, added to 
24¢.c of M/100-KI Volume of one drop (in c.c.). Interfacial surface tension (dynes/cm). 
+H,0 to 100 c.c. Benzene. Hexane. Amyl? acetate. Benzene. Hexane. Amylé acetate. 


0.09 ¢.¢. 0.3712 0.0984 0.0616 32.41 51.58 13.37 

4.0 0.1632 0.0952 0.0672 30 98 49.94 14.21 

8.0 0.1564 0.0928 0.0728 29.78 49.00 15.64 
10.0 0.1548 0.7912 0.0744 2G 44 48.23 15.90 
12.0 0.1488 0.0904 0.0756 28.38 47 92 16.10 
14.0 0.1480 0 ©goo 0.0728 28 25 47-76 15.64 
16.0 0.1468 0.0892 0.0680 28 03 47-35 14.63 
20.0 0.1428 0.0856 0.0732 27-34 45.51 15.72 
22.0 0.1420 0.0844 0.0740 27.20 44.88 15.89 
24.0 0.1404 0.0828 0.0768 26.96 44.11 16.47 
28.0 © 1392 0.0804 0.€ 700 26.75 42.89 15.11 
32.0 © 137 0.07 0.0644 26.43 41 61 13.96 
36.0 0.1352 0.0752 0.0544 25.98 40.23 11.92 
420 0.1324 0.0724 0.0480 25.48 38.84 10.61 


48.0 0.1316 0.0648 0.0464 25.34 36.91 10.27 
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TABLE IV 
M ‘10-KeCrO, added to io c.c. 

of M/10-Pb(NO4'2 Volume of one drop (in c.c.). Interfacial surface tension (dynes/cm). 
+H,0 to 100 c.c. Benzene. Hexane_ Buty!" acetate. Benzene. Hexane. Butyl" acetate. 


Y 0 00 ¢.c. 0.1732 0.¢916 0 0424 32-78 48.42 8.72 
2.0 0.1672 © 0872 0.0380 31.74 46.28 7.88 

ia 4.0 0.1624 0.0856 0.0352 30 85 45-53 7-36 
6.0 0.1592 0 c828 0.0340 30.40 44.1 7.1% 
8.0 0.1516 0.0812 0.0324 28.92 43-29 6.81 

9-5 © 1484 0.0788 © 0284 28.32 42.04 6.01 

9.9 0.1460 0.0776 0.0272 27.91 41.40 5°79 

10.0 0 1416 0.0768 0.0324 27.05 41.03 6.81 

10.1 0.1400 0.0748 0.0364 26.87 40.0) 7-60 

10.5 0.1380 0 074¢ 0.0404 26.52 39.64 8 35 

12.0 0.1372 0.0684 0.0448 26.36 36.91 +17 

15.0 0 1284 0.0672 © 0492 24.77 36.34 10.03 

17.0 0.1256 0.0672 0 0508 24.31 36.34 10.24 

20.0 0-1176 0.0652 0.0544 22.84 35.42 10.98 


TABLE V 

N/10-NaOH added to 

10 c.c. of N/to-HCl+ Volume of one drop (in c.c.). Interfacial surface tension (dynes/cm). 
to 100 c. Benzene. Hexane. Amyli acetate Benzene. Hexane. Amyli acetate. 


0.0 €.c. 0.1828 © cgo8 0.0640 24 39 48.0: 13.89 
2.0 © 1612 0.0812 0.0615 30.63 43.29 13.38 

. 5.9 © 1520 0.0744 0.0572 28.98 39.86 12.48 
a 7.0 0.1476 0.0712 0.0552 28 18 38.26 12 09 
95 © 1384 0.0455 0.0488 26.56 35.62 10.76 
iB 9.9 0.1376 0.0648 0.0476 26.43 35.26 10 53 
: 10.0 0.134) 0.0644 0.0448 25 74 35.12 9.92 
19.1 © 1328 0.0632 0.0528 25-54 34-51 11.60 

10.5 0.1312 0.0624 0.0616 25.26 34-13 13.44 

12.0 0.1092 0.0608 0.0648 21.32 33-32 14.09 

20.0 0.1044 0.0372 0.0700 20.49 31.46 18-11 


DirscuSSION 


The drop volume or tension measurements of amy.’ acetate against aqueous 
cadmium iodide indicate two peaks at 0.5 x 107*M and 7.0x10°°M salt concentrations ; 
while benzene and hexane do not show these peaks (Table I), With aqueous sodium 
oleate, the ester shows a peak at 0.5 x 107°M, preceded by a minimum at 0.05 x10°*M; 
whereas benzene and liexane show a decrease in tension with increasing soap concentra- 
tions {Table II). At two stoichiometric compositions of cadmium and potassium 
iodides {1:2 and 1:1) two maxima are observed with the ester, whereas benzene and 
hexane show decreasing tensions with increasing concentrations (Table III). With 
increasing addition of potassium chromate to ‘ead nitrate solution, the tension of the 
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ester goes on decreasing till a minimum is reached at the equivalence pont, and then 
it rises with the addition of the chromate (Table IV). The addition cf tlie base to the acid 
shows the same typical behaviour (Tab!e V). In both these cases benzene and hexane 
do not indicate such minimum values at the equivalence point. It is interesting to note 
that the conclusions drawn from the drop volume results are in complete agreement 
with those from the corresponding tension data; hence it should not be imperative 
in future work along these lines to calculate tension values. 


The authors thank the college authority for the facilities and the Government of 
India for the award of a national research fel!owship to one of them (H.K). 
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M.T.B. CoLLeGe, Surat, Received August 28, 1959. 
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ESTIMATION OF COPPER AND NICKEL BY 
«8-DIOXIMINOACETOACET-o-CHLORANILIDE 


By J. S. Dave anp A. M. Tarari 


a8-Dioximinoacetoacet-o-chloranilide precipitates qua ititatively copper as at 
PH 2.1 to 8.9 and nickel as NiCggH)gOgNgClp at PH 4.4 to 9.4. Effect of some of the ions on the 
estimations of copper and nickel also has been investigated. 


In continuation of our previous communications ‘this Journal, 1959 36, 302, 735, 
838), we present herein the results of our investigations on the gravimetric estimation of 
copper and nickel by 428 dioximinoacetoacet-o-chloranilide. With this reagent, 
copper forms a brown complex and nickel forms a yellow one, which are formulated as 
MC.oHigOeNcoCl, (where M=Cu or Ni). Copper and nickel can be quantitatively 
precipitated by this reagent under different conditions in presence of different ions 
under investigation. 


EXPERIMENTAL 


1%Alcoholic solution of %8-dioximinoacetoacet-o-chloranilide, prepared from 
acetoacet-o-chloranilide (Dave and Talati, Curr. Sci., 1957, 26, 326), was used in all 
the estimations. Solutions of copper chloride and nickel chloride and other reagents 
used were the s. me as mentioned previously. 


Composition of the Complexes 


The copper and nickel complexes were prepared and their compositions were 
determined as discussed earlier (loc. cit.). 
(a) (Found: Cu, 11.11, 11.06. Cale. for CuC..H,0,N.Cl,: Cu, 11.09%). 
(b) (Found: Ni, 10.35, 10.28. Calc. for NiC.oH,.O,N.Cl,: Ni, 10 33%). 


The results suggest that the composition of the complexes can be represented as 


OH 


CH 
o-CICH,. NHCO——C—=N¢ 


where M = Cu or Ni. 


Analytical procedure was the same as described previously (loc. cit.). The 
precipitates were weighed as CuC..H,,0,N,Cl. or NiC..H,s0.N,Cl,, the factors for 
copper and nickel being 0.1109 and 0.1033 respectively. Some of the results are recorded 


in Table I. 
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ESTIMATION OF COPPER AND NICKEL 


TaBLe I 


M taken. M complex found. M found. Error. 
Copper. 

7.85 mg. 70.6 mg 7.83 mg, —0 02 mg. 
15.25 136.8 15.17 —0.08 
30.50 275.0 30.50 +0.00 

Nickel. 
6.81 66.2 6.84 +0 03 


128.4 13.26 +0 04 


13.22 


Effect of pH.—In order to ‘study the pH range over which copper or nickel can be 
completely precipitated by this reagent, estimations of copper and nickel were carried 
out in solutions having different pH values. pH values of the undiluted filtrates were 
determined by L and N pH meter. The results, recorded in ‘Table Il, show that copper 
is completely precipitated by this reagent within the pH range 2.1 to 8.9 and nickel, 
in the pH range 4.4 to 9.4. 


TABLE IT 


Ni found, 


pH. Cu found. Ni taken. 


7-85 mg. 1.72 6.59 mg. 13-22 mg. 4.14 12.57 mg. 


Cu taken. 


7.85 2.12 7.83 13.22 4.40 13.23 
15-25 3.88 15.19 13.22 9-44 13.26 
15.25 4.80 15.17 

7.85 8.92 7.81 


Effect of Anions and Cations.—Copper and nickel were estimated in presence of 
different ions by this reagent at pH 6 to7. Some of the results are recorded in 


Table ITI. 


TABLE III 


Salt added. M found. Error. 


Copper. 
7.85 ing. KBr, 2.0 g. 7-80 mg. —0.05 ing. 
7.85 2.0 7 80 —0.05 
7.85 BaCle, 0.75 7.81 
7-85 MgCl, 0.50 7.76 —0.0y 

Nickel. 
6.81 NaAc, 2.0 6.82 mg. +0.01 mg. 
6.81 NaNOs3, 2.0 6.84 +0.03 
6.81 KI, 2.0 6.86 +0.05 
6.81 K,SO,, 2.0 6.88 +0.07 
6.81 CaCly, 0.55 6.80 —0.01 
6.81 BaCl», 0.75 6.77 —0 04 
6.81 Sr(NOs3)q, 0.65 6-76 —0.05 
6.81 MgCle, 0.50 6.77 —0.04 
6.81 ZnSOj, 0 036 6.85 +0.04 
6.81 CdSO,, 0.032 6.82 + 0.01 


HegClg, 0 034 6.87 +0.06 
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The results show that the ions under study cause little or no interference to the 


estimations. 


Thanks of the authors are due to Dr. B. N. Mankad and Prof. S. M. Sethna for 


their interest in the work. 
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AMPEROMETRIC DETERMINATION OF COPPER WITH 
SALICYLAMIDOXIME 


By D. BANERJEA AND B. CHAKRAVARTY 


A rapid method fur the determination of copper(II) by a-»perometric titration with salicvlamidoxime 
has been developed by which 0.4 to 8 mg. of copper (conc. ca. o-7—3.2m M) can be determined with 
accuracy in an acetate buffer medium of PH ca, 4.2, using a simple manual apparatus with a microam- 
meter (c-50 mA) of a large scale fer measuring the current. Direct titration of copper is possible in 
presence of lead, cadmium, zinc, manganese, cobalt and nickel ; while in the presence of silver, antimony 
and bismuth excess of potassium chloride is to be added’ prior to the addition of the buffer in order 
to preicpitate these metals, and then copper is titrated in the supernatant liquid. 


In earlier communications [Bandyopadhayay (Banerjea) and Ray, this Jonrnal, 
1956, 38, 21, 65; Bandyopadhayay (Banerjea), ibid., p. 269, 270; Barerjea, Z. anal. 
Chem., 1957, 189, 123] the reactions of salicylamidoxime with metallic ions and some of 
their analytical applications have been described. The quantitative precipitation of 
cop»er(II) by this reagent from an acetate buffer medium (fH, ca. 4.2) has now been 
made use of in the amperometric determination of this metal at a potential of —0.2V vs. 
S. C. E., using a dropping mercury electrode, where the diffusion current due to 
the reaction Cu (II) —> Cu(O) is fully developed, whereas the reagent does not undergo 
any change anywhere in the vicinity of this potential. Small amounts of copper 
(0.4 to 8.0 mg.) at very low concentrations (0.7 tc 3.2 mM) can be determined with accuracy, 
using a simple manual set-up. The presence of a little gelatin (0.01%) as a maximum 
suppressor is necessary in the titrating solution. The method works well even in 
the presence of metals like lead, cadmium, zinc, manganese, cobalt and nickel, and 
excess of alkali metal salts (chlori’e, nitrate or sulphate) in solution. In the presence 
of silver, antimony and bismuth, it is necessary to add an excess of potassium chloride, 
before adding the buffer, in order to precipitate these metals and then titrate copper 


in the supernatant liquid. 
ExPERIMENTAL 


A Cambridge Pen-recording polarograph was used for recording the polarograms, 
while the amperometric titrations were carried out in a cylindrical glass cell, connected 
to an external saturated calomel electrode through an agar—KCl bridge, using a 
manual! circuit of the type described by Meites (‘‘Polarographic Techniques’, p. 8, 
Interscience Publishers, Inc., New York, 1955) having a microammeter (o—50 pA ; 
Model 726 of M/s. Triplett Electrical Instrument Co., U S. A.) for measuring the 
current, A dropping mercury eleetrode of drop time (ca. 3 secs.) was used as the indi- 
cator electrode. 

Salicylamidoxime.—A pure sample of the substance was prepared as described 
earlier (Bandyopadhayay and Ray, loc. cit.). A freshly prepared aqueous solution of 
this was used for the titrations. 

Copper(II) solution—A_ stock solution of copper nitrate was prepared from 
accurately weighed metallic copper (Electrolytic, E. Merck) and dilute nitric acid. 
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Acetate buffer—Anhydrous sodium acetate (16.5 g.) and glacial acetic acid 
(25.0 c.c.) were dissolved in water and made up to one litre. 

All other chemicals used were of reagent quality.. Gelatin used was of pure quality 
(HE, Merck, Germany) 

Titration Procedure.—The copper(II) solution was neutralised (pH 6-7) with dilute 
alkali (KOH) and to it 30 c.c. of the acetate buffer was added for every 100 c.c. of the 
final volume, as also sufficient gelatin. This was diluted to a requisite volume, an 
aliquot of which was transferred to the titration cell and deaerated with purified nitrogen 
and then titrated, at —o.2V vs. S.C. E., using the dropping mercury indicator 
electrode, with an aqueous solution of salicylamidoxime of a suitable concentration 
(at least 10 times the molar concentration of copper in the solution under titration), 
recording the current after each successive addition of small increments of the reagent. 
The end-point was obtained graphically (cf. Meites, loc. cit., p. 195) ma.ing allowance 
for the volume change during the titration. The results are recorded in Table I. 


TABLE I 


Amperometric determination of different amounts of copper. 
Supporting electrolyte :- sodium acetate (0.06M)-acetic acid buffer (pH, 4.2) con- 
taining 0.01% gelatin. Applied potential: —o.2 V vs S.C. E. Drop time = ca. 3 secs. 
Temp. = 28-30° (room temp.). 


Volume of soln. (c.c.) es 40 40 40 20 20 10 
Cu present (mg.) ae 5.60 4.06 2.44 0.81 0.42 
Cu found (mg.) — 5.60 4.06 2.42 0.82 0.43 
Error (mg.) 0.00 0.00 — 0,02 0.01 0.01 


In the presence of other metal ions a similar procedure was used and some such 
determinations are shown in Table IT. 
Tasie II 


Estimation of copper in presence of other substances. 
(Medium and conditions same as for Table I). 
Total substances present in 50 c.c. of which 40 c.c, was titrated. 


No. Substances Copper. No. Substances C..pper 
present. present. — 
Present. Found. Error. Present. Found. Error. 


644mg. —0.c4 mg. 


¥. KCI, 500 mg. 6.48 mg. 651 mg. 0.03 mg. 7 Mn, 100 mg 6.48 mg. 

2. KNO3, 500 6.48 6.48 0.00 8. Co, 100 6.48 6.52 004 
+. K,S04, 500 6.48 6.48 0.00 9. Ni, 100 6.25 6.30 —0.05 
4- Pb, 10) 6.48 6.48 0.00 10 Ag, 100 6-48 6.44 —0.04 
5» Cd, 100 6.35 6.32 II. Sb, I00 6.48 6.48 0.00 
6. Zn, 100 6.35 6.36 0.01 12. Bi, 100 6 48 6.55 007 


The authors wish to acknowledge with appreciation their indebtedness to Prof. 
P. Ray, formerly Professor of Inorganic Chemistry and Director (offg.), Indian Asso- 
ciation for the Cultivation of Science, Calcutta, for his good wishes and encouragement. 


DEPARTMENT OF INORGANIC AND ANALYTICAL CHEMISTRY, 
INDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE, 
JADAVPUR, CALCUTTA-32. ; Received October 29, 1959. 
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VELOCITY CONSTANTS OF CHEMICAL REACTIONS FROM 
SPECTROSCOPIC DATA OF MOLECULES 


By Prem BeHart MATHUR AND A. S. LAKSHMANAN 


A new relation, reported in an earlier communication, correlating the velocity constants of 
chemical reactions with the spectroscopic data of the reacting molecules, has been applied success- 
fully to calculate the specific reaction rates of a few decomposition reactions. ‘The values of Inye 
in the new equation, which corresponds to InA in the Arrehenius equation are in the same range as 
values of Ind in the Arrehenius equation. The specific reaction rates of decomposition of bromine, 
chlorine, iodine, oxygen, sodium and nitrogen molecules have been calculated and the values obtained 
are in agreement with what one would expect from the respective bond strengths of the molecules. 


Perrin (Ann. phys., 1919, 11, 5), Dushman (J. Franklin Inst., 1920, 189, 515) and 
Rice and McKeown (Phil. Mag., 1923, 46, 471) have made attempts to correlate radiation 
frequencies with velocity constants of chemical reactions. These endeavours have, 
however, been proved inadequate (Langmuir, J. Amer. Chem. Soc., 1920, 42, 
2190 ; Christiansen and Kramers, Z. physikal. Chem., 1923, 104, 451; Lindemann, 
Phil. Mag, 1920, 40, 671). In a recent communication (Mathur, unpublished, 
athe ry has been advanced and a new relationship obtained between the radiation 
frequencies and the velocity constants of thermal and photochemical reactions : 


he Ve. see eee (1) 


where Voony is the convergence limit in the absurption spectrum of the decomposing 
molecules, vs, the electronic excitation frequency (Herzberg, “Molecular Spectra and 
Molecular Structure’’, D. Van Nostrand Co., Inc., N.Y., 1953, p. 444), T, the absolute 
temperature and N, h and R, the Avogadro number, Planck’s constant and the gas 
constant respectively ; k is the velocity constant. The values of Veony and v, for several 
molecules have been obtained in the earlier conimunication (Mathur, loc. cit.) from 
kinetics data. Inthe present one the velocity constants of decomposition reactions of a 
few molecules have been calculated from the spectroscopic data available for them. ‘The 
data 1ecorded in Table I have been taken from ‘‘Physical Chemistry’’ by Moelwyn 
Hughes (p. 409). In Table I “conv represents convergence limit, Estom in wave numbers 
corresponding to %., and D” is the activation energy equaling to Nh (veonr — Ve) im equa- 
tion (1). So equation (1) can be written as 

k = [Eston c].e~ eee (a) 


where c is the velocity of light. ‘Taking logarithms, 


2.303 log k = 2.303 log (c x Estom™ — 
TABLE ] 
Mol. Yeony /C Eatom D” Mol. - Eatom D” 
(cm~). (cm~}). (Calc./g. mol.). (cem~}). (em7}). (Calc./g.mol ). 
Oy 57,110 15,890 117,300 I; 20,037 7,598 35,380 
Cl, 20,893 881 56,760 Nay 23,100 16,930 17,520 
Br 19,575 3,685 45,210 Ny 121,100 207 500 


8,855 
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The velocity constants of the decomposition of Nz, Os, Cl, Brz, I, and Na, 
molecules at different temperatures, calculated from the data in Table I, are listed in 
Table II. The rates of decomposition of nitrogen, oxygen etc. at different temper- 
atures, listed in Table II, are in conformity with what one may expect from the respective 
bond strengths of these molecules. It is interesting to note that the temperature of 
decomposition of various molecules corresponding to a high reaction rate of the order of 
0.0372 to 0.0700 vary in a regular sequence. Nitrogen attains this rate at a temperature 
as high as 2800°K, while Na, at a temperature as low as 240°K. 


Tasie II 
Temp. (sec™!). Temp. k Temp. k (sac™!). 

Nitrogen. Oxygen. Chiorine. 
2400° K 7.423 X1075 1100° K 2.389 x 1079 600° K 5.780 X 1078 
2500° 4.272 1074 1150° 2.501 X10°8 650° 2.249 X 
2600° 2.092 X 1073 1200° 2.128107? 700° 5 151X10°° 
2700° 9.344% 1073 1300° 9.080 1078 750° 7.796 1074 
2800° 3.720X10°2 1400° 2.334 x1074 800° 8.354 1073 
2900° 1.351 X 107! 1500° 3.964 1078 6.790 1072 
3000° 4.439 X 107! 1600° 4.551 X 1072 

Bromine. Todine. Sedium. 
450° 1.240X 1078 300° 3-869 X 10718 1¢0° 3-678 X 
500° 1.964 X 1076 350° 1.852 x 1078 200° 3.720X10°5 
550° 1.212X 1074 400° 1099x1075 210° 2.989 x 1074 
600° 3 831 Xro-3 450° 1.505 X 1073 220° 2021x1073 
650° 7.134 1072 50_° 7.90 X1072 230° 1.163 X1072 

240° 5.697 X 1072 


It is important to note that the spectroscopic values of log v. obtained for the above 
mentioned reactions (Table III) lie between a range which corresponds to values of logA 
for most of the reactions calculated from chemical data (Hinschelwood, ‘“‘Kinetics of 
Chemical Change’’, Oxford University Press, pp. 119-125) using the Arrhenius equation. 


TABLE III 

Molecule. Loge (Eatom XC). Molecule. Loge A 
Chlorine 30.90 Nitrogen pentoxide decomposition 31.45 
Bromine 32.32 Azopropane! 31.65 
Todine 33-07 Acetone a 34.34 
Oxygen 33 82 Phosgene = 34.85 
Sodium 33 68 Azomethane i 36.73 
Nitrogen 23.99 


CENTRAL ELECTROCHEMICAL RESEARCH INSTITUTE, 
KARAIKUDIA-3, S.I. Received September 24, 1959. 
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VOLUMETRIC ESTIMATION OF FORMATES BY OXIDATION 
WITH MERCURIC CHLORIDE 


By R. M. VERMA AND SAMEER BOSE 


A specific method, applicable in presence of salts of other organic acids, is described for volumetric 
estimation of formate ion. The procedure can be adopted for evaluating 10 to 100 mg. of formic acid with 
a precision of 0.5% or more. The interference caused by other compounds and other organic acids has 
also been investigated. 


Fuchs (Z. anal. Chem., 1929, 78, 125) determined neutral alkali formates by 
titration of the hydrochloric acid liberated during its oxidation with mercuric 
chloride. 

HCOONa + 2 HgCl, = NaCl + HCl + CO, + Hy,,Cl,. 


Instead of using an indicator, Fuchs titrated with alkali to the appearance of 
a yellow precipitate of mercuric oxide. Uldeman (Pharm. Weekbld., 1931, 68, 
379) titrated the acid liberated to phenolphthalein end-point after adding an excess 
of sodium chloride. Bose (this Journal, 1958, 38, 320) utilised the above 
reaction for estimating formates by weighing the calomel formed or by titrating 
the hydrochloric acid after converting the excess of mercuric chloride to K,Hgl,. 
The acidimetric titration to phenolphthalein end-point is interfered by the carbon 
dioxide liberate 1, which therefore has to be removed by boiling the solution for 
a short period. A prolonged boiling, however, drives out a part of the hydrochloric 
acid also, and consequently low values for .he formate are obtained. In the pre- 
sent communication a volumetric method for formate estimation is described which 
is free from the above interference. The calomel formed is volumetrically estimated 
in presence of hydrochloric acid (exceeding 4N) by Andrew's method (Jamieson, 
“Volumetric Iodate Methods’’, Chem. Catalog Co., 1926) using a standard solution 
of potassium iodate. The procedure involves the quantitative oxidation of the calomel 
formed to mercuric chloride by the iodate solution in accordance with the equation : 


2Hg,Cl, + KIO, + 6 HCl = 4 HgCl, + KCl + ICI + 3 H,O. 


ExPERIMENTAL 


Formic acid, potassium iodate and sodium hydroxide used were of A.R. quality. 
Sodium acetate and mercuric chloride were of Merck’s chemically pure variety. 
Standard solutions of sodium formate were prepared by neutralising formic acid 
solutions with 0o.1N-NaOH solution in presence of phenolphthalein’ A standard solution 
(0.025 M or o.t N) of potassium iodate was prepared by weighing out on a watch 
glass exactly 5.351 g. of the salt» dried at 120° for one hour, and dissolving it in 
one litre of water. One c.c. of this solution is equivalent to 23.61 mg. of calomel 
or 2.3 mg. of formic acid. This solution keeps indefinitely. 
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Procedure. —A neutral solution (10 to 20 c.c.) of formate containing about 10 to 
100 mg. of formic acid was pipetted into a 300 c.c. iodine flask and treated with 
5c.c. of 30% sodium acetate (formate-free) solution and about 25 c.c- of a saturated 
mercuric chloride solution. The contents of the flask were heated for about 40 
minutes by immersing the flask in boiling water. Later the contents were acidified 
by adding 50-c.c. of HCI (conc.) and cooled by dipping the flask in 
ice-cold water. The amount of acid added was such that after all the titration 
liquid had been added, the acidity of the solution in the flask was at least 4 N. 
About 5c.c. of CCl, was introduced into the flask and the contents titrated with 
iodate solution, taken in a burette, which was run into the flask with constant 
shaking till the aqueous layer hecame slightly yellow. At this stage the flask was 
closed and vigorously shaken, when the CCl, layer acquired a purple colour due 
to iodine. Portionwise addition of KIO, in small volumes with shaking was continued 
till the organic layer was only faintly violet. Then addition was done dropwise 
with vigorous shaking after each drop till CCl, layer lost the last trace of violet 
colour and had only a very faint yellow tinge due to iodine monochloride. Thus, 
the end-point of the titration is approached which is clearly perceptible. Excellent 
results were obtained when shaking was carried out properly and the iodate solu- 
tion was added slowly. The results for evaluation of different solutions of formate, 
as recorded in Table 1, show that the method has a precision of 0.5% or more. 
All estimations were carried out in duplicate and the results were quite reproducible. 
Expts. 1-3 werecarried out with the same formate solution with a view to determining 
the minimum time of heating required for complete oxidation of formate. 


TABLE I 
[10-20 c.c. formate +5 c.c. Na-acetate +25 c.c. saturated HgCl, heated in boiling water | 
Expt. No. Time of HCOONa % Error. 
heating. 
Added. Found, 
I 30 mins. 79.6 mg. 79.9 mg. +0.4 
2 60 795 —0.2 
3 120 pa 79.6 Nil 
4 40 159.3 160.1 +0.5 
5 ” 119-5 119.8 +03 
6 63.7 638 +0.2 
7 ” 31.8 31.9 +0.4 
8 a 15.9 16.0 +0.6 
7-96 8.0 +0.5 


Interferences.—The methods devised for evaluating formic acid by oxidation 
with mercuric chleride have the advantage of being specifically applicable to formates 
only, as other carboxylic acids like acetic, propionic, etc. are not oxidised. ‘I‘herefore 
the interference caused by salts of various catboxylic acids was investigated with 
reference to the present modification of the method. The results of expts. 1-11, 
as recorded in Table II, show that this procedure is not interfered by many 
organic compounds and salts of carboxylic acids, while those of expts. 12-24 reveal 
a profound interference caused by aldehydes and some of the salts of organic acids. 
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VOLUMETRIC ESTIMATION OF FORMATES BY OXIDATION 


Tasie II 


[5 c.c. of formate solution +2 c.c. Na-acetate (30%) +10 ¢.c. saturated 
HgCl, + substance; heated for } hr]. 
Sodium formate added = 39.3 mg. 


Expt. Substance added. HCOONa % Error. Expt. No. Substance added. HCOONa 
No. 0.5 g. (do not found, 0.2 g. found. % Error. 
interfere) (interfere) 


MeOH 39.9 mg. Salicylaldehyde 49-5mg. 
EtOH 40,0 Formaldehyde 502 +26. 
CCh 39.9 Acetaldehyde 54.0 
Benzaldehyde 40.0 , Glucose 42.3 + 6.5 
Ca-gluconate 40.0 " Na-salicylate 71.4 +79.0 
+» lactate 40.1 . », adipate 41.3 + 38 

», butyrate 40.0 , », malonate 42.5 + 6.8 

Na-tartrate 40.0 \ », phthalate 41.3 + 3.8 
» Citrate 40.0 ‘ »» aminoacetate 44.5 +12.0 

», benzcate 39.8 m », phenylacetate 41.7 + 4.8 

», borate 39.8 + », fumarate 42.2 + 6.0 

»» maleate 41-7 + 48 

24. », oxalate Interferes 


In conclusion, it may be stated that the procedure described is most suitable 


among the methods already devised by previous workers for volumetric estimation 
of formetes, using mercuric chloride as an oxidant. The present method affords 
good and reproducible results as it is free from the interference caused by the 
formation of carbon dioxide. The end-pvint with a little practice can be judged 
very clearly. 

Sincere thanks of the authors are due to the authorities of the college, specially 
to the Principal, Sri Umadas Mukherji, for providing all the facilities. 


DEPARTMENT OF CHEMISTRY, 
MAHAKOSHAL MAHAVIDYALAY, Received October 26, 1959. 
JABALPUR. 
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STUDIES IN AZO DYES. PART I 


By FPARESH CHANDRA Dutra, ACHINTYA KUMAR SEN GUPTA, 
BHABANI PRASAD BOSE AND SUNIL KuMAR Roy 


Azo dyes, derived from thioindoxy], 5-phenylthioindoxyl and 4 :5-benzothioindoxyl, have been 
synthesised with a view to studying the relation between colour and chemical constitution. 


Friedlander (Monatsh., 1907, 80, 347) first showed that benzenediazonium 
chloride or its -nitro derivative coupled with 3-hydroxythionaphthene to yield 
orange-red dyes. A search in the literature reveals that no systematic study of 
this class of azo dyes has yet been made, excepting that by the Russian workers 
(Rodionov et al., J. Appl. Chem., U.S.S.R., 1948, 21, 962; Chem. Abs., 10949, 
43, 6204) who coupled diazotised benzidine, p-nitroaniline and p-aminoacetanilide 
with 3-hydroxythionaphthene and obtained the corresponding azo dyes. They 
did not, however, study the effect of constitution on the colour of these dyes. 


Azo dyes derived from thioindoxy!, §-phenylthioindoxyl and 4 :5-benzothioin- 
doxyl have been synthesised by coupling diazotised amines, e.g., / nitroaniline, 
p-bromoaniline, S8-naphthylamine, p-toluidine, aniline, sulphanilic acid, anthranilic 
acid, with these thioindoxyls. As the thioindoxyls undergo quick oxidation. parti- 
cularly in alkaline medium, the cold alkaline solution after filtration was immediately 
coupled with the diazotised amine solutions, cooled in ice, when the azo dyes were 
precipitated. The dyes are soluble in alcohol, acetic acid, xylene and other organic 
solvents. These produce characteristic colour with concentrated sulphuric acid. 
The absorption maxima have been determined in xylene solution excepting those derive 
from amino-sulphonic acids, which are insoluble in xylene. ‘The structure of these 
dyes is represented by the following general formula : 


[where R,=Ph ; R,=R,=benzo ; R,=R,=H'; R,;=phenyl, substituted phenyl, naphthyl 
as the case may be] 

Martinet ‘Rev. Gen. Mat. Col., 1921, 25, 17) has shown that substitution in 
5-position in thioindoxyl renders the thioindigoid dyes deerer in colour. This 
appears to be true also in this series of azodyes as 5-phenylthioindoxyl affords 
azo dyes of deeper colour than those obtained from unsubstituted thioindoxy). 
Further, it is known that in the case of indigoid dyes, if additional benzene ring 
is fused in 4:5-position, the colour of the dyes is not enhanced, rather becomes 
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lighter than the parent dyes. This observation seems to be in conformity with 
the azo dyes derived from 4:5-benzothioindoxyl, where the colour does not become 
deeper. Of course, the generalisation requires far more systematic study. 


ExPERIMENTAL 

The following general method was followed for the preparation of the thioindoxy]l 
dyes. 
A solution of the amine (1.1 M) in HCI (dil., 2M) was diluted and cooled in 
an ice-bath to 0° 5° and stirred mechanically. A strong solution of sodium nitrite 
(1 M) was added dropwise until the solution tested weak blue with strarch-iodide 
paper. The filtered and cooled diazo solution was then added quickly to the cold 
filtered solution of thioindoxy!, 4:5-benzothioindoxyl and 5-phenylthioindoxy] in 
sufficient aqueous NaOH solution (2N) so that the solution remained alkaline after 
the addition ; the mixture was stirred mechanically for sometime. The precipitated 
azo dyes were filtered after half an hour, washed thoroughly with water, 
macerated with HCl (dil.), filtered and washed free of acid. Crystallisation from 
either dilute alcohol or acetic acid yielded shining crystals of the azo dyes. 
In the case of sulphanilic and anthranilic acids, the dyes were precipitated on acidi- 
fying the alkaline solution. The various properties of the compounds, as studied, are 
recorded in the following tables. 


TABLE I 
3-Hydroxythionaphthene azo dyes. 
Compound. M.P. Colourof Colour in Amax. Formula. % Nitrogen. 
crystals. H,SO,. Found. Cale. 


*T-2-(p-nitro)azobenzene >290° Brownish Violet 1400 14.04 
red 
T-2-(p bromo)azobenzene 164° Red Deep red 495 CuHgONgBrS 8.21 840 
T-2-azobenene-p-sulphonic >290° Orange Blood-red (Insoluble in CygH)pO%NeSp 841 8.38 
acid xylene) 
T-2-azobenzene-o-car- 228°(d) Brown Brown 425 9.32, 40 
boxylic acid 
T-2-8-azonaphthalene 224° Red Violet 490 9-18 9.21 
needles 

T-2-a-azonaphthalene-4- 159°/d) Violet Violet (Insoluble in 7-19 7.30 

sulphonic acid xylene) 

* T denotes 3-hydroxythionaphthene. 

Tasre IT 
3-Hydroxy-4 :5-benzothionaphthene-azo dyes. 
Compound. M.P. Colour of  Colo:rin Amare Formula. % Nitrogen. 
crystals. H,SO,. Found. Calc. 
*R-2-(p-nitrojazcbenene 253-56°(d) Deepred Purple 510mm CisH,03N3S 12.02 12 03 
B-2-(p-bromo)azobenzene 131-32° Red Purple No maxima C)gH,),ON,SRr 7.29 7.31 
B-2-azobenzene 105°(d) Red Purple 500 CigH},0N,S Q-15 ~ 9.20 
(sintering 
at 92°) 

B-2-8-azonaphthalene 145-50° Brown Violet 525 7.85 7-90 
B-2-(p-methyl)azobenzene 114-20° Red Purple No maxima (C)gH,ON.S 8.79 8.80 


*B denotes 3-hydroxy-4 :5-benzo-thionaphthene. 
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TaBLe II] 
5-Phenyl-3-hydroxythionaphthene-azo dyes. 


Compound, M.P.  Colourof Colour in Amar. Formula. % Nitrogen. 
crystals. H,SO,4 Found. Cale. 


*P-2-azobenzene Deep red 450mpz 8.33 8 50 
re 


P-2-(p-nitro)azobenzene Orange-red Red 500 II.I2 11.20 


P-2-azobenzene-p- Scarletred Red (Insoluble in 6.75 683 
sulphonic acid xylene) 


P-2-azobenzene-o- Orange-red Pink 445 7-36 7.48 
carboxylic acid 


P-2-8-azonaphthalene 195° Deep Violet 590 7.28 7.37 
chocolate 


*P denotes 5-pheny!-3-hydroxythionaphthene. 
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HETEROCYCLIC COMPOUNDS. PART XXXII}. A NEW SYNTHESIS 
OF XANTHONES 


By B. M. Desat, (Miss) P. R. Dgsal AND R. D. Desai 


Polyphosphoric acid has been found to be an efficient condensing agent for the synthesis of 
xanthones from o-hydroxycarboxylic acid and polyhydric phenols. Good yields of xanthones have been 
obtained from resorcinol, orcinol, phloroglucinol, a- and 8-naphthols by condensing them with salicylic 
acid in presence of polyphosphoric acid. 


Xanthones and their derivatives have been prepared from o-hydroxybenzoic 
acid or their substitution products and monohydric, dihydric and trihydric phenols 
by heating their mixtures in acetic anhydride (Kostanecki et al., Ber., 1891, 24, 1894, 
3081 ; 1892, 28, 1640, 1648, 1654 ; 1843, 26, 71; 1804, 27, 1989). The Nencki reaction 
(J. prakt. Chem., 1881, 28, 147) was applied by Michael (Amer. Chem. J., 1883, 5, 81) to 
the preparation of xanthones froin resorcinol, orcinol, phloroglucinol and salicylic acid. 
Seshadri and Pankjmani (J. Sci. Ind. Res., 1954, 18B, 396) have applied the Nencki 
reaction to obtain xanthones from resorcinol and its methyl ether, using salicylic acid. 
Shah et al. (J. Chem. Soc., 1955, 3982; J. Sci. Ind. Res., 1959, 18B, 28, 75) have used 
a mixture of anhydrous zinc chloride and phosphorus oxychloride for the synthesis of 
xanthones and their derivatives by condensing mono- and poly-hydroxybenzoic 
acids with polyhydric phenols. This condensing agent has been found to be 
superior to zine chloride. The Friedel-Crafts reaction has been applied by Seshadri 
and Venkatrao (Proc. Ind. Acad. Sci., 1953, 837A 710) for obtaining xanthones from 
salicy] chloride and trimethyl ethers of phloroglucinol and pyrogallol. 


In the present case we have found that polyphosphoric acid acts as a very efficient 
condensing agent for the preparation of xanthones from a mixture of salicylic acid and 
phenols. We have condensed salicylic acid with resorcinol, orcinol, «-naphthol, 
8-naphthol and phloroglucinol and have obtained the xanthones in good yields. 
These xanthones were identified by comparing their mixed m.p. and other properties 
with those of the authentic specimens, prepared by the known methods. These 
products are free from the colouring matters and resinous products formed when 
. either zinc chloride or its mixture with phosphorus oxychloride is used. The yield 
of 1-hydroxyxanthone is nearly 20% and that of 3-hydroxyxanthone, very poor when 
zine chloride is used. Polyphosphoric acid, however, affords a mixture of 1-hydroxy- 
xanthone (4%j and 3-hydroxyxanthone (5%). Thus, this method is fairly 
general, and we are engaged in applying it to other o-hydroxycarboxylic acids and 
polyhydroxy compounds. 
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ANN 


ExPERIMENTAL 


Polyphosphoric acid was prepared from syrupy orthophosphoric acid and P,Q, 
by the method of Sukh Dev (this Journal, 1955, 32, 262). 

1-Hydroxyxanthone and 3-Hydroxyxanthone.—A mixture of salicylic acid (6 g.), 
resorcinol ‘6 g.) and polyphosphoric acid (25 c.c. orthophosphoric acid and 4o g. 
P,O;) was heated in an oil-bath at 140° for 4 hours. The reaction mixture was cooled 
and poured over crushed ice. The solid was repeatedly washed with hot water to 
remove the unchanged components and the residue was treated with a 5% sodium 
carbonate solution. The insoluble residue was treated with a 10% NaOH solution 
to. obtain the sodium salt of 1-hydroxyxanthone. It was then boiled with HCi 
(dil.), the solid was filtered and crystallised from alcohol in yellow-orange needles, 
m.p. 148°, yield 5.6g. Its alcoholic solution developed with ferric chloride a brown 
coloration, changing to green (Michael, loc. cit., reports m.p. 149°). 

The acetyl derivative. prepared in the usual manner, was crystallised from ethy! 
acetate in needles, m.p. 170° (Michael, loc. cit., reports m.p. 166°). 

The solid, obtained by the acidification of the sodium carbonate extract, was 
crystallised from acetone in thick yellow needles, m.p. 238°, yield 600 mg. Kostanecki 
et al. (loc. cit.) report mp. 240-41° for 3-bydroxyxanthone. Its solutions in H,SO, 
(conc.) and alkali are markedly fluorescent 

The acetyl derivative was crystallised from absolute alcohol in needles, m.p. 160° 
‘Kostanecki et al., loc. cit., report m.p. 161°}. 

1-Hydroxy-3-methylxanthone was prepared by heating a mixture of salicylic 
acid (6 g.), orcinol (6g.) and P.P.A. (64 g.). The solid isolated in the usual manner 
was crystallised from dilute alcohol in orange needles, m.p. 148° (Michael, loc. cit., 
reports m.p. 148°), yield 3.6g Its alcoholic solution developed a greenish coloration 
with ferric chloride. 

1 :3-Dihydroxyxanthone was prepared from salicylic acid (6 g.), phloroglucinol 
(6 g.) and P.P.A. (64 g.j. The product, isolated in the usual manncr, was crystallised 
from dilute alcohol in fine white needles, m.p. 256° (Robinson and Nishikawa, J. Chem. 
Soc., 1922, 124, 859, report m.p. 256-58°), yield 5 g. Its alcoholic solution developed a 
green colour with ferric chloride. 
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The diacetate was crystallised from alcohol in needles, m.p. 147° (Rao and 
Seshadri, loc. cit., report m.p. 145°). . 

3:4-Benzoxanthone, prepared from salicylic acid (6 g.), a-naphthol (6g.) and 
P.P.A. (64 g.), was crystallised from absolute alcohol in tiny needles, m.p. 155° 
(Kostanecki et al., loc. cit., report m.p. 155°), yield 1.0g. Its alcoholic solution 
developed a green colour with ferric chloride. It showed fluorescence in H,SO, 
(conc.) solution, 

2:3-Benzoxanthone, prepared from salicylic acid (6 g.), $-naphthol .(6g.) and 
P.P.A. (64 g.), was crystallised from dilute alcohol in microcrystalline plates, m.p. 138- 
40° (Kostanecki et al., loc. cit., report m.p. 140°), yield 1.1 g. 

The authors are thankful to the University of Gujarat for a research grant, and to 
the Ahmedabad Education Society for providing facilities. 
CHEMISTRY DEPARTMENT, 
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BEHAVIOUR OF CHLORONITROBENZENES WITH HYDRAZINE AND 
HYDRAZINE DERIVATIVES. PART IX. NITROPHENYL- 
HYDRAZINES AND THEIR HYDRAZONES 


By R. S. Kapiz*, J. P. Mirra, S. K. Titus anp S, S. JosuHr 


Preparations of six substituted o-nitrophenylhydrazines by the replacement of nitro group with 
a hydrazino group have been described. These have been characterised by the preparation of hydrazones. 


During a programme of research undertaken in this laboratory on the synthesis of 
substituted phenylhydrazines, several polynitrophenylhydrazines have been synthesised 
by taking advantage of the mobility of a halogen atom with hydrazine hydrate 
(Joshi and Deohra, this Journal, 1951, 28, 34; 1952, 29,46; 1057, 34, 14; Kapil 
and Joshi, ibid., 1959, 36, 417). But none of them was found suitabie for the prepara- 
tion of nitro heterocyclic compounds. 

The present communication describes the preparation of six substituted o-nitro- 
phenylhydrazines by the action of hydrazine hydrate on substituted dinitrobenzenes. 
The dinitrobenzenes required for this purpose, viz., 1-chloro-3 :4-dinitro- (Mangini 
and Deliddo, Gazzetta, 1933, 68, 612), 1-bromo-3:4-dinitro- (Kérner, ibid., 1874, 4, 
322), 1-iodo-3:4-dinitro- (Ullman and Bielecki, Ber., 1901, 34, 2179 ; Kapil, J. Chem. 
Soc., 1959, 4127), 1:2-dichloro-4:5-dinitro- (Holleman, Rec. trav. chim., 1920, 39, 
446)- benzenes, 2-chloro-4 :5-dinitro- (Morgen and Glover, J. Chem. Soc., 1921, 119, 
1702) and 2-iodo-4 : 5-dinitrotoluenes (Kapil, under publication), have all been prepared 
by the nitration of corresponding nitrobenzenes. 

All the substituted o-nitrophenylhydrazines, prepared, are crystalline coloured com- 
pounds, sparingly soluble in cold alcohol, but soluble in hot alcohol and ethy! acetate. 
These react readily with carbonyl compounds, forming hydrazones which are some- 
times even less soluble than the parent hydrazine, and possess characteristic melting 
points and can also be used for the characterisation of carbonyl compounds. 


ExPERIMENTAL** 


4 a solution of 1 :2-dichloro-4 : 5-dinitro- 
benzene (5 g.), in alcohol, twice the equivalent quantity of hydrazine hydrate was 
added dropwise with vigorous shaking. It was kept for about an hour, when the 
hydrazine derivative formed separated out. It was filtered, washed well with water, 
cold alcohol and recrystallised from ethyl acetate in orange-red needles (3 g.), m-p. 
170° (Miiller and Hoffmann, J. prakt. Chem., 1925, 111, 293, record m.p. 194°). 

By adupting a similar procedure other substituted phenylhydrazines were prepared 


(Table ITI). 


*Present address : Central Drug Research Institute, Lucknow. 
**All m.p.s are uncorrected. 
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TABLE III 


Phenylhydrazine M.P. Colour. Formula. Found Cale, 
formed. 


Halogenonitrobenzene 
used. 


1-Chloro-3 :4-dinitro- *5-Chloro-2-nitro- 160° Orange CgH,O,N;Cl Cl: 18.72% 14.93% 
needles 
2. 1-Bromo-3 :4-dinitro- *5-Bromo-2-nitro- 160° CgHgO,N3Br Br: 3436 34.48 
3. 1-Lodo-3:4-dinitro- 5-Iodo-2-nitro- 150° Orange- I: 4531 45.52 
red needles 

4. 1:2-Dichloro-4:5-dinitro- *4 :5 Dichloro- 17¢° os CgHsO_N3Clg Cl: 31.64 31.08 
2-nitro- 

5. 2-Chloro-4 :5-dinitro- 4-Methyl-5-chloro- 155° CyHgOgN3Cl Cl: 17.52 17.61 
toluene 2-nitro- 

6. 2-Iodo-4 :5-dinitro-toluene 4-Methyl-5-iodo- Pa I:4320 43.34 
2-nitro- 

*Prepared before. 


Phenylhydrazones were prepared in good yield by heating for half an hour a 
mixture of the substituted phenylhydrazine (0.2 g.) in alcohol (ro c.c.) and the carbonyl 
compound in equimolecular proportions in presence of 1 to 2 drops of glacial acetic acid, 
These were recrystallised from ethyl acetate. Characteristics of hydrazones prepared 
are shown in Tables I and II. 
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CITRATE COMPLEX OF COPPER 
By R. Das, R. K. PATTANAIK AND S. PANI 


Copper (II) reacts with citric acid and a neutral complex, C, is formed at lower pH. The ligand 
occupies three-co-ordination position and the fourth co-ordination position of copper is most probably 
oceup’ed by a molecule of water. The results obtained by pH titrations indicate the complex 
Cto be a dibasic acid, dissociating successively in two steps to C;~ and C,?-. Conductometric 
titration of a mixture of citric acid and copper nitrate against standard sodium hydroxide solution 
qualitatively supports the above results obtained by pH titration The equilibrium constant of 
the reaction of the formation of C from Cu®* and citric acid with the liberation of two protons 
and those of the reactions (i} C #C,~ + H* and tii) C;}- =C,?- + H* have been determined. The 
probable strictures of the complex have been discussed. 

Many metal ions including copper form 1:1 complex with citrate ligand (Bobtelsky 
and Jordan, J. Amer. Chem. Soc., 1945, 67, 1824). Much work has been done on 
citrate complex of copper by Meites (‘ibid., 1950, 72, 180) and Parry and Dubois, ‘ibid., 
1952, 74, 3794). The latter workers have isolated a copper compound Cu,{C,H,0,) at 
pH 6.5 or above. 

The equilibrium constant of the reaction 

H* + [Cu(HCit) (H,Cit)]- = Cu?+ + 2H,Cit”, 

has been found to be 1. The formation of the complex and its progressive 
changes with PH have been studied by Warner and Weber (ibid.. 1953, 75, 6086). 
Acsuming citrie acid to be H,Ci, the following reactions have been proposed to be taking 
place with increasing pH : 

Cu?* + H,Ci = H,CiCu* + H+ we we (a) 

H;CiCu* = HCiCu- + 2H* hes (b) 

HCiCu” = CiCu* + Ht 


Shin Suzuki (7. Crem. Soc. Japan, Pure Chem. Sec., 1951, 72, 974) found the equili- 
brium constant of the reaction, 


Cu?*++H,Cit = Complex + 


to be 3.37107* by E.M.F. method. Le Febvre and Souchay (Compt. rend., 1956, 
243, 1416) observed that one mole of sodium hydroxide per g. atom of copper could be 
added to a mixture of copper and citrate solution without making the solution alkaline 
due to the formation of a very stable complex. Similar results were obtained by Heitner 
and Eliezer (Bull. Soc. Chim., 1956, 174) who titrated copper nitrate solution with 
trisodium citrate and mixtures of copper nitrate and different proportions of trisodium 
citrate against sodium hydroxide by pH_ titration method. The 1:1 complex formed 
by Cu(II) with citrate solution is a monobasic acid and is quantitatively neutralised 
by sodium hydroxide at pH 8 to 8.3. The results have also been confirmed spectro 
photometrically. Le Febvre (J. Chem. Phys., 1957, 54, 553) has studied the citrate 
complex of cupper by potentiometric surface method and the complexes [Cu(CiH),]*, 
[Cu,(Ci),]?-, [Cu(Ci),]*-, [Cu,(OH),(Ci),]*~ and [Cu(OH),(Ci),]* have been reported, 
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A good deal of investigation has been done in this laboratory on citrate 
complexes. The high stability of the citrate complexes has been assumed to be 
due to the capacity of the citrate to function as a tridentate ligand and the 
hydroxyl group of the ligand involved in chelation with or without liberation of 
a proton. The interaction of citric acid with copper therefore would afford either 
complex C or C,~, depending on whether the proton from the hydroxyl group is 
liberated or not. The structures may be represented as follows, assuming the 
co-ordination number of copper to be four and the complex is saturated with 
respect to co-ordination (three of the co-ordination positions are occupied by a 
citrate ligand and the fourth by a molecule of water). 


Complex C. 


| 0 | 0 
| | | 
| O—C CH,COOH | o—c 
H,O—Cu— OH—Cy H,0—Cu— 
\ \cH, 
| o—c | 
O O | 
(Structure I) (Structure II) 
Complex C,~. 
| | 
Wa 
O—-C CH,COOH 
CH, 
\ 
(Structure ITI) (Structure 1V) 


Whenever the complex would be formed, either two or three protons per 
atom of copper would be simultaneously liberated. ‘The free carboxyl group and 
the co-ordinated water molecule in complex C,~ and the free carboxyl group, the 
co-ordinated hydroxyl group, and possibly the co-ordinated water molecule in 
complex C, would successively ionise with increasing pH. This type of reactions 
has been observed in the investigation of nickel and cadmium citrate complexes 
(Pattanaik and Pani, this Journal, 1957, 34, 619, 673). Copper is expected to behave in 
a similar manner. It is therefore not possible for the liberation of only one proton, 
as suggested in reaction (a). 

The formation of a very stable complex at high pH by addition of sodium 
citrate to copper solution has been utilised in the estimation of trivalent antimony 
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and arsenic in presence of copper(II) by standard iodine (Verma and Singh, 
]. Sci. Ind. Res., 1954, 18B, 709). Copper in the same solution is then estimated by 
titrating the amount of iodine liberated by addition of potassium iodide to the solution 
ata lower pH. ‘The pH is lowered by addition of sulphuric and acetic acids to the 
solution. The results, thus obtained for copper, are a little higher than the actual 
amount of copper, and for this reason, standardisation of thiosulphate against 
similar conditions has been suggested. The standard copper solution under 
problem is, however, more complicated than what it appears to be. ‘The reaction : 


AsO,*~ +I,+H,0 = AsO,°- + 217+ 2Ht 


is reversible and pH-dependent. Above pH 4, the reaction proceeds in the forward 
direction almost to completion, and trivalent antimony or arsenic can be quantitatively 
estimated in presence of copper (II) above pH 4, if the formation of a_ stable 
citrate complex of copper is complete, so that the reaction, 


Cu** + I- = Cut + 31, (i) 


would not take place. For the estimation of copper after estimating arsenic(III), the 
pH of the solution should be brought down so that the citrate complex would 
break at least partly for the reaction (ii) to take place. Due to the insolubility 
of cuprous iodide and in presence of excess of iodide ion. reaction (ii) can be 
brought about to completion. The reaction (i) in the reverse direction can be 
induced to proceed almost to completion in presence of a large amount of acid. 
At low pH therefore, the reaction (i) is expected to proceed in the reverse direction, 
at least to a certain extent, and the total iodine liberated would not correspond to the 
amount of copper(TI) in the solution. It is therefore necessary to ascerta’n the exact 
pH at which the formation of the citrate complex of copper is complete, so that it would 
be possible to select the optimum pH at which copper can be estimated iodi- 
metrically without any detectable influence of reaction (i). The following 
investigation was therefore carried out to ascertain the nature of the complex formed 
at different pH values. 


ExPERIMENTAL 


The chemicals ‘used were of AnalaR quality. The pH was measured by 
Marconi pH meter. A solution (rooc.c.), containing 0.025 g. mol. of potassium 
nitrate and 0.001879 g. mol. of citric acid, was titrated against 1.016N-NaOH solution 
at 32°. The results are represented by the curve A in Fig. r. Curve B represents the 
result obtained by titrating the same volume of solution containing the same 
amount of potassium nitrate and citric acid and o.o0r092 g. mol. of copper nitrate 
against the same NaOH solution at the same temperature. Liberation of acid is 
indicated by the separation of the two curves. The horizontal distance between 
the two curves at first increases with increasing pH, reaches a maximum value 
and then decreases. The horizontal distance remains very nearly constant above 
PH 6.5 The liberation of the acid in the system containing copper is due to 
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the formation of a complex which is present to some extent even in pure citric 
acid so'ution. 


DISCUSSION 


The formation of the complex from copper ion and citric acid may be represented 


by 


Cu?* + H,Cit = C + nHt 


where C is the complex in which the charge, if any, is not shown. 


A and B are the points of intersection of curve A and B respectively by the same 
pH axis. The molar concentrations of the total citrate, citric acid, dihydrogen citrate, 
monohydrogen citrate, citrate ions and the added sodium hydroxide at A are expressed 
by [Ct], [H,Cit]., [',Cit-],, [HCit?-],, [Cit?-], and [NaOH], respectively. The 
concentrations at B are similarly expressed. The molar concentrations of total copper 
nitrate, copper ion and the complex at B are expressed respectively by [Cu(NO,).], 
[Cu*!] and [C]. The concentrations of hydrogen iov being the same, buth A and 
B are expressed by [H*]. It can be shown, as done in the citrate complex of cadmium 
(Pattanaik and Pani, loc.cit., p. 673) that 


A[NaOH] — (a/b) A[Ct] _ 
= 


where 


[NaOH], — [NaOH], 
= [Ct]. [Ct]. 


A[NaOH] 


k,, kp and k; being respectively the first, the second and the third dissociation constant 
of citric acid (k,=8.32% 107%, k,=4.07* 107° and k,=3.24 10° ; Schwarzenbac end 
Ackermann, Helv. Chim. Acta, 1949, 32. 1682). A[NaOH], Afct], a and b can be 
calculated at different pH. When the formation of the complex is complete, 


(3) 


[Cc] = [Cu(NO;).] 


Taking [C] to be equal to [Cu!NO,),], n is calculated by equation (2) at various 
pH values. The values thus obtained are recorded in Table I. 
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TABLE 


A(NaOH] ([Ct]e [Cu(NO3)g] Kx K,x 104, K’xX1o!, 
x 102, x 104, x102, =x 10”, 


0.5047 0.9335 1.866 1.086 0.6892 2.83 4.78 
0.6832 1.264 1.863 1.082 0,8919 3430 3.96 
0.7197 1,332 1.857 1.078 0.9781 2.61 2.37 
1.061 1.878 1.850 1 076 I 322 4.45 2.38 
1.140 2.109 1.846 1.073 1.494 505 1.71 
1-245 2.301 1 841 1.070 1.663 6.48 1.23 
1.288 2.384 1.836 1,068 1.764 7.39 0.787 
1.344 2.485 1.833 1.065 1.882 0.570 
1.407 2.403 1.830 1.064 2.049 0.461 
1.480 2 737 * 826 1.061 2.177 0.312 
1.543 2.854 1.823 1,059 2.314 0.250 
1.605 2.670 1.819 1.057 2.467 0.220 
1.606 3.137 1.813 1.054 2.632 0.237 
1.769 3.272 1.811 1.053 2.802 0.331 
1.814 3-355 1.805 1.049 2.970 

1.945 3-508 1.798 1.048 3-313 

1.884 3.484 1.791 1.041 3.478 

1.852 3.504 1.787 1.039 3687 

1.747 3.230 1.783 1.036 3.794 

1.545 2.858 1.776 1.032 3.871 

I 257 2.324 1-770 1.029 4.037 

1,041 1.924 1 764 1 025 4.040 

0.566 1.793 1.761 1,023 4-000 


n increases with increasing PH and is <1 within PH 2.5 to 2.6. Above pH 2.7 
and up to pH 3.2, the value is >1 and<2. The value of n is > 2 above pH 3.3 
and > 3 above pH 4. The value above fH 5.75 is 4 and remains constant up to pH 8 


or above. 
It is very probable that a neutral complex, C, is first formed due to the interaction 


of a copper ion and a molecule of citric acid with the liberation of two protons (reaction 
1). The equilibrium constant may be given by 


[Cc] x [Ht]? _ 


[C] is calculated by equation (2) taking the value of n to be 2. The values are recorded 
in Table I. The .nean value of K is 4.59 x 107*, which is in agreement with that obtained 


by Shin Suzuki (loc.cit.). It can be shown that 
[Ct]. [C] = b [H,Cit], (4) 


[H, Cit], is calculated by equation and [Cu?*+] is obtained by subtracting [C] from 
[Cu(NO,),]. The values of K calculated are shown in Table’I. The complex C 
above PH 3.3 dissociates like an acid. 


C#H* 


| 68 
K,x108. 
2.50 
2.60 | 
d 
2.70 
2.80 
2.90 
300 
3.10 
3-20 
e 3 30 
3.40 
d 
a 3.60 
| 3-79 
4.00 
d 4.25 
n 4-59 
“9 2.56 
5.00 
5.50 85 
6.00 
2.14 
8.00 
nt 
id 
be 
1S 


64 R. DAS, R. K. PATTANAIK AND 8S. PANI 


The dissociation constant K, is given by 
It is assumed that the dissociation of C takes place after its complete formation. 
The whole of the copper above pH 3.3 is present asC and C,~. Hence 
[Cu(NO,)2] = [C] + [C.7] 
Acid liberated due to the formation of the complex is 2[C] + 3[C,~]. Hence 


2[C] + 3[C,~] 
[Cu/NO,),] 


ea 


or TCu(NO,)a) = “2-32 (7) 
[C] = n 


= 37 


K, can be calculated by equation (5-1) substituting respectively [C,~]/[Cu(NO,),] and 
([C]/[Cu(NO,).], i.e., (n—2) and (3—n) in place of [C,~] and [C]. The values of 
K,, thus obtained, are shown in Table I. It is interesting to note that neither K nor K, 
is strictly constant. This might be due to existence of C beyond pH 3.3 and the 
formation of C,~ begins below PH 3.3. The values of K and K, improve if calculations 
are made from the results of another experiment (Table Il) at 33° im which the 
concentration of citric acid is nearly ten times that of copper nitrate. Curve A in Fig. 2 
represents the pH titration of 110 c.c. of the solution containing 0.01063 g. mol. of 
citric acid against 1.02N-NaOH and curve B represents that of another 110 c.c. solution 
containing the same amount of citric acid and 0.001092 g. mol. of copper nitrate, against 
the same NaOH solution. In this experiment the value of n is never <1 as proposed by 
Warner and Weber at lower pH (J. Amer. Chem. Soc., 1953, 78, 5086). 


Tasie II 


pH. A[NaOH] x10%, — A[Ct] x 10%. [Ct]ex 107, [Cu(NO3)3] x 108. sn, Kx1of, K,x108. K’x 10°. 
2.30 0.9772 1.033 9.521 9.736 1.159 3.94 88.30 
2.40 1.065 1.110 9.461 9-723 1.293 3.42 55-10 
2.50 1.299 I 353 9.410 9.672 1 677 4-72 43.00 
2.60 1.364 1.421 9-353 9 612 1.714 5.04 27.20 
2.70 1.429 1-489 9.303 9.561 1.850 6.92 17.40 
2.80 1.492 1.544 9.245 9.501 2.002 11.60 
2.90 1.478 1.539 9-200 9.456 2.056 2 66 6.82 
3.00 1.538 1 601 9.143 9.397 2.210 3.09 4.80 
310 1.516 1.579 9.080 9-330 2.280 3 81 3.00 
3.20 1 498 1.561 9 026 9 276 2.324 4.13 1-93 
3.30 1.480 1.541 9 873 9-222 2.432 401 1.31 
3.40 1.461 1.522 8.910 9-162 2 509 5.36 0.91 
3.50 1.443 1.503 8.861 9.107 2.559 5-26 0.614 
3 60 1.427 1.489 8 810 9.055 2.681 6.58 0.520 
3-70 1.409 1.468 8.-51 9.001 2.725 0.400 
3.80 1.462 1.522 8 720 8.943 2.806 0.355 


3-90 1.443 "1.503 8.644 8.884 3 009 
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If it is assumed that Cu?* reacts with citric acid affording C,~ and three protons 
are simultanecusly liberated, the equilibrium constant of the reaction would be give by 
The calculations are made according to the above assumption and the values of K’ 
are shown in Tables I and II. In either case K’ is not constant but decreases with 
increasing pH, and becomes very nearly constant at the higher PH range, where n 
lies between 2 and 3 and the concentration of C,~ is appreciable. The value of the K’ 
is also not of the same order in the two experiments. Three protons are therefore not 
liberated at a time. The complex C is first formed and it dissociates into C,~ and H* 
at a higher fH, as suggested before. 
At still higher PH, n is > 3 and the complex C,~ dissociates like an acid. The reaction 
and the equillibrium constant K, are expressed by equation (8) and (8-1) respectively. 
C,- = + Ht (8) 
= K; (8-2) 
Assuming the formation of C,~ to be complete when n is > 3, K, can be calculated 
by equation (8-2) as before. 


= K,; we (8-2) 
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The values of K, calculated are shown in Table I and can be taken as constaut, 
the average value being 2.87 x 107°, 


Structure of the Complex 


Complex C most probably has structure (I) or structure (II), cited before. Since 
malic acid also furnishes a similar neutral complex (Nanda and Pani, unpublished), 
the structure (I) appears to be more probable. The structure (II), however, cannot be 
completely ruled out. Assuming structure (I) to be the structure of complex C, the 
structure of C,~ may be represented by 


O 


VA | 
O——C CH,COO | 


H,O—Cu—OH—C,. 
\ 


[Complex C,~] 


The structure of C,”~ may be represented either by structure (V; or (VI), shown 
below, depending on whether the proton is liberated from the co-ordinated hydroxyl 
group or water molecule. 


V4 
o-—C 


a 
O--—C CH,COO 


H,O—Cu—O——C 


The formation of complex C, C,~ and C,*~ is also indicated by the conductometric 
titration of a mixture of 10 c.c. of 0.1092M copper nitrate and 20 c.c. of 0.09396M citric 
acid, diluted nearly to 150c.c. against 1.016N-NaOH. The conductance (Fig. 3) 
first decreases due to the formation of the neutral complex C and the neutralisation of 
the acid and then remains very nearly constant probably due to the formation of both 
C and C,~ and then rises when the formation of C is complete. When the formation 
of C,~ is complete, it rises more rapidly due to the conversion of C,~ to C,?~. The 
final break in the curve comes when the formation of C,’~ is complete, and the very 
rapid increase in the conductance is due to the addition of sodium hydroxide only. 
Copper ion exists in solution below pH 3.0, when the ratio of copper to citric acid 
is nearly 1:2,and below pH 2.7, when copper to citrate ratio is 1:10 ; copper ion is 
expected to react with iodide ion only, when free copper ions are available in the 
solution. The reduction of copper (II) to copper (I) by iodide ion would depend on the 
ratio of copper to citrate aud alsoon PH. ‘The higher the proportion of citrate, the lower 
would be the PH at which the reaction would take place. If the concentration of 
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citrate is ten times the concentration of copper, the PH should be << 2.7, and at this pil 
aresenate is expected to be reduced, at least partly, by iedide ion. : 


Fic. 3 


CONDUCTANCE 


NaOH (c.c.) 


The results of iodometric titration of 25 c.c. of (0.1M-CuS0,) solution against 
sodium thiosulphate (25 c.c. of CuSO, solution = 24.9 ¢.c. of sodium thiosulphate 
solution) in presence of 25 c.c. of 0.2M sodiuin citrate at different bH values are recorded 
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in Table III, The pH has been altered by addition of known amounts of approximately 
0.5N-H,SO, acid or 0.1N-NaOH. 


The above results indicate that when copper to citrate ratio is 1:2, the estimation 
of copper can be done at PH 3.11 or below. Above pH 3.11 copper (II) is incompletely 
reduced to copper (I). There is no reduction of copper at PH 7. The complex formed 
at PH 7 is thercfore very stable. It is of interest to note that Cul precipitated at pH 
3.11 or below in presence of citrate ligand can be completely oxidised and brought into 
solution by increasing the pH with NaOH. The above results further indicate that 
a mixture of copper salt and sodium citrate requires one equivalent of acid per atom of 
copper for neutralisation and can be estimate! by fH titration even in presence of 
excess of sodium citrate. 


III 


NagS,0; reqd. 
24-90 C.C. 


pH. Colour of the soln, at the end-point. 


2.50 


2-79 24-90 
3.11 24,90 

3-52 19-80-23 Greenish blue 
412 13.20-15.00 Do 

4.98 7-00 ” 

5-34 4-75 Bluish 

5-57 1.95 Do 

5-95 0.80 ” 

7.05 0,00 Deep blue 
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THE MODERN SINGLE-SCALE PRECISION BALANCE 
TYPE 707 


This modern analytica! balance represents a top-level product in the construction of analytical balances, 
based on decades of experience. It features a weighing and shifting mechanism, which assures fast and exact 
weighing and trouble-free performance. 

The numerous advantages of the balance assure fast service and faultless reading. 

Due to its simple handling the balance can be operated by anyone. 


Manufactured by 
VEB OSCHATZER WAAGENFABRIK 


German Democratic Republic. 


For further information please get in touch with 


Agents: M/s. M. Abbasbhoy & Co. 
66, Canning St., Calcutta 


or with 


The Trade Representation of the German Democratic Republic in India 


Branch Offices : 
122, Dinshaw Wachha Rd., P-117, Mission Row Extn, 


Mistry Bhavan, Bombay. Faraday 7 ouse, Cal. 1. 
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FLASKS, BEAKERS, CONDENSERS, MEASURING 
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For Laboratory Reagent Quality Acids 
To Precise Specifications 


Maximum Limits Acid Sulphuric Acid Nitric Acid Hydrochloric 
of Impurities: H.SO,:98% w/w HNO;,:60.8% w/w  HC1:35.4% w/w 
Sp. gr. 1.840 at 15°. Sp.gr. 1.420 at 15°. Sp. gr. 1.180 at 15° 


Non-Volatile Matter : 0.0025 % 0701 % 0.001 % 
Chloride (C1) : 0.0002 %, 0.00007 % _ 

Free Chlorine (C1) : _ _ 0.0002 % 
Nitrate (NO,): 0.90002 %_ 
Sulphate (SO,) : -- 0.0003 % 0.0003 % 
Heavy Metals (Pb): 0.0002 % 0.0002 % 0.0002 % 
Tron (Fe): 0.0001 % 0.0001 % 0.0001 % 
Arsenic (As) : 0.1 part 0.02 part 0.04 part 

per million per million per million 


Ammonium (NH,): 0.0005 % _ 


Selenium (Se) : 0.001 % _ 
Oxygen Absorbed (0): 0.00015 % 
We invite orders and enquiries, 


Write us about your requirements 
for other reagent quality chemicals. 


Bengal Chemical & Pharmaceutical Works, Ld. 
CALCUTTA :: . BOMBAY :: KANPUR 
Office: 6, Ganesh Chunder Avenue, Calcutta-13 
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VERY RELIABLE INDIGENOUS SUBSTITUTES 
OF GUARANTEED ANALYTICAL REAGENTS 
», MAY BE FOUND IN 


“BASYNTH” 


Brand 
ANALYTICAL REAGENT 


Acid Hydrochloric 
Acid Hydrochloric Fuming 
Acid Sulphuric 
Acid Nitric 
Acid Nitric Fuming 
Acid Acetic Glacial 
Ammonium Hydroxide 
Benzene 
Toluene 
Xylene 
Petroleum Ether 
Amyl Alcohol 
Buty! Alcohol Etc., Exc. 


BASIC & SYNTHETIC CHEMICALS 
PRIVATE LIMITED 


P. O. Jadavpur University, Calcutta-32 


MADE IN INDIA 

HIGH VACUUM ROTARY PUMP 

Single Stage & Two Stage 
With or Without Air Ballasi 


* All Indian Materials and Construction 


BASIC & SYNTHETIC CHEMICALS 
PRIVATE LIMITED 


P. O. Jadavpur University, Calcutia-32 


* FOR YOUR REQUIREMENTS 


OF ALL KINDS OF:EQUIPMENTS FOR RESEARCH . 


RAJ-DER-KAR & CO., 


SADHANA RAYON HOUSE, Dr. D. NAOROJI ROAD, BOMBAY-1 
Branch office : 


44/6, Regal Building, 


Telephone : 26-2304 
Telegram : TECHLAB 


A few of our Agencies : 
* LUDWIG SEIBOLD, Austria, 
For pH Testers, Titrators, 
and Recorders etc. 
EASTMAN KODAK, U.S. A., 


For All Sorts of Complex 
Organic Chemicals, 


Connaguht Place, New Delhi. 


*W.A. TAYLOR & CO., U.S. A., 
For pH Comparators, Indicators, 
Water Analysers etc. 


* TRACERLAB Inc., U.S. A., 
For Radiochemicals & Equipments 
for Nuclear Research. 
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Phone—34-3176. Telegrams—Nadiachem!, 


NADIA CHEMICAL WORKS PRIVATE LTD. 


C 44, 45 & 46, COLLEGE STREET MARKET, CALCUTTA-12, 


On 


Manufacturers of :— 


. CHEMICAL S—Benzene, Toluene, &c., Bromine, 
Halogen derivatives of both Organic and Inorganic 
compounds and other fine Laboratory Chemicals 


_ STILLS for distilling Essential Oils, Alcohols, 


Water, etc. 


RECTIFIERS, CONDENSERS, &c. 


. OVENS, Baths &c. for Gas,"Oil or Electric heatings. 


. Scientific Apparatus (PHYSICAL, CHEMICAL, 
BIOLOGICAL, &c.) of both Glass and Metal. 


MICRO-ANALYSIS APPARATUS. 


Please ask for 
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HELVETICA 
SCHWEIZERISCHE | 


CHIMICA 
CHEMISCHE GESELLSCHAFT 


ACTA Verlag Helvetica Chimica Acta 
Basel 7 (Schweiz) 


Seit 1918 | 


Jahre 
HELVETICA CHIMICA ACTA 


Abonnemente:;, Jabrgang 1958. Vol. XLII Fr. 1.6.—incl. Porto 


Neudruck ab Lager 
Es sind noch Vol. I-XXIV (1918-1941) 


1 eferbar : Vol. XXV-XXVII ( 1942-1944) in Vorbereitung 
Originalausgaben, druckfrisch oder antiquarisch 
Vol. XXVIII-XLI (1945-1958) 
Diverse Einzelhefte ab Vol. XXI 
Preise auf Anfrage. Nur solange Vorrat 

SCHWEIZERISCHEN. 
| Das wissenschaftliche Organ der CHEMISCHEN 
GESELLSCHAFT 
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exstock  ©PYREX’ sranp 
(MADE IN ENGLAND) 


Laboratory Glassware 
ALSO 


MICROSCOPES—SLIDES—FILTER PAPERS 


(MADE IN CHINA) 
Available from ready stock 


For further details please contact 
LABORATORY FURNISHERS 


DHUN MANSION, VINCENT ROAD, DADAR, BOMBAY 14 


Telephone : 62761 
Branch: AHMEDABAD 
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We Wanufacture... 


Lahoratory Chemicals 
G Reagents 


of a wide range under rigid 


control and expert supervision 


to ensure guaranteed standard 


& reliability. 


A selection from our range : 


*Acetone 

*Alcohol Methyl 
*Barium Carbonate 
*Barium Chloride 
*Benedicts’ Solution 


*Carbon Tetrachloride 
*Lead Acetate 

*Liquor Ammon Fort 
*Magnesium Sulphate XL 


*Xylol 


*Benzene 


THE CALCUTTA CHEMICAL CO., LTD. 


HEAD OFFICE: 35, Panditia Road, Calcutta 29. 


BRANCH OFFICES & DEPOTS AT: 
Delhi, Madras, Bombay, Bangalore, Vizag, Ranchi, Nagpur, Jamshedpur, Patna, 
Bilaspur, Bhagalpur, Madhupur, Asansol, Siliguri. 
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A Monumental Work Published March 1956 


A book that should find place on the shelves of every Library 
HISTORY OF CHEMISTRY IN ANCIENT & MEDIEVAL INDIA 


PK. 
Incorporating 
HISTORY OF HINDU CHEMISTRY B. C. | 
by Acharya Prafulla Chandra Ray D.C. C 
Edited by Pror. P. Ray 
Royal 8vo. Rexin bound, 494 pages with 39 illustrations. B.N 
Price ex-postage: Prime Edition:—Rs. 24/- (Inland), Ordinary Edition—Rs. 20/- (Inland) [P.B. § 


£ 2/- ot $ 6 00 (Foreign) 


For Fellows Rs. 20/- Rs. 16/- 
An invaluable book for students of science and history and to all persons interested in 
the scientific heritage of India. M 


PUBLISHED BY THE INDIAN CHEMICAL SOCIETY 


92, Upper Circular Road, Calcutta-9, INDIA. 
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Some Opinions : 

Nature, January 5, 1957. 

“Since there is much new material in the book, all those who are fortunate — to 
have the earlier edition wil] wish to have the new one. 

All those interested in the History of Chemistry owe a debt of seul to Prof, P. "Ray 
and the Indian Chemical Society for its publication’’- 


J. R, Partington, 
Journal of Chemical Education, February, 1957: 


7 aeniaee Professor Ray, in his carefully constru®ted revision of Prafulla Chandra Ray’s 
standard ‘History of Hindu Chemistry’ has given us a highly informative and interesting des- 
eription of Indian Chemistry, In chronological order, the contributions of Indians to chemistry 
have been recorded from the Harappa period of the fourth millennium B.C. to the end of M 
Mogul culture............... Many of the ideas described make delightfui reading for the average §B. 
chemist with a historical bent............ chemists and historians of chemistry will find in this F 
book a valuable assessment of ancient Indian chemit’y and culture’’. : 


ISIS-Vol. 49, p. 362, Sept., 1958. R. 

** ..seeseeseeeeesee this new book is very valuable both as a re-edition of an out-of-print 
classic collection of fuadamental data and as a presentation of much well illustrated documen- 
tation of Indian achievements in the practical arts in the field of chemistry, according to the 


archeological findings’’. 
J. Filliozat. 
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HOPPLER RHEO-VISCOMETER 


AN ABSOLUTE VISCOMETER 

FOR 
VISCOSITY MEASUREMENTS 
HIGH FLUID SUBSTANCES, 
HIGHLY VISCOUS EMULSION§, 
PASTES, FATS ETC. 

* 

Measuring Range :0.5 to LOO0000 GP 
Accuracy: +0.5% 
Temparature Range : 66° to + 120% 


Manufactured by : 
VEB PRUFGERATE-WERK, MEDINGEN 


DRESDEN — GERMANY. 


SOLE AGENTS IN INDIA: 


GORDHANDAS DESAI PRIVATE LTD. 


PHEROZESHAH MEHTA ROAD, BOMBAY-1 


Branches : 
P-7 Mission Row Extension, 4/2B, Asaf Ali Road, 22, Linghi Chetty Street, 3 
CALCUTTA 1. NEW DELHI. MADRAS 1. 


Printed by Sri Sibendranath Kanjilal, Superintendent, Calcutta University Press, 48, Hazra Road, Ballygungy 
Caleutta and Published by .G Banerjee, M.Sc., Asst, Editor, Indian Chemical Society. 
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